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(57) Abstract: Methods and agents 
for suppressing expression of a mutant 
allele of a gene having a polymorphism 
are provided. The methods of the 
invention provide suppression effectors 
such as antisense nucleic acids or 
ribozymes, that bind to nucleic acid 
regions having a polymorphism 
within a gene such that one allele of 
a gene is exclusively or preferentially 
suppressed. The method also provides 
the administration of a replacement 
nucleic acid, if required. The invention 
has the advantage that the same 
suppression strategy, when directed 
to polymorphisms, could be used to 
suppress, principle, many mutations in 
a polymorphic gene. This is particularly 
relevant when large numbers of 
mutations within a single gene cause 
disease pathology. 
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SUPPRESSION OF POLYMORPHIC ALLELES 

Related Applications 

[0001] This application is a continuation-in-part application of U.S.S.N. 09/142,125, filed 
April 12, 1999, which claims priority to PCT/GB97/00574, filed March 3, 1997; which claims 
priority to GB 9604449.0, filed March 1, 1996; the entire disclosures of which are hereby 
5 incorporated by reference. 

Field ofthelnventiQyi 

[0002] the invention relates to methods and reagents for suppressing a gene which has a 
polymorphism. 

Background of the Invention 

10 [0003] Polymorphisms are present in the coding and non-coding sequences of most genes. 
Polymorphisms such as, for example, simple sequence repeats, insertions, deletions or single 
nucleotide changes (either silent changes or changes resulting in amino acid substitutions) have 
been observed in many normal and disease human genes. Further, as the human genome 
sequencing project proceeds, the level of polymorphism in the genome will be more accurately 

15 defined and increasing numbers of intragenic polymorphisms will become known. 

[0004] The polymorphic nature of the human genome, and that of many other species, provides 
a means for mapping genetic disease without necessarily knowing the identity of the gene or 
genes involved. For example, retinitis pigmentosa (RP) is a hereditary degenerative ocular 
disorder which is genetically heterogeneous in nature and characterized by genetic 

20 polymorphisms. Many different mutations in various RP genes have been identified, 

characterized and mapped. For example, applying the approach of genetic linkage, x-linked RP 
(xlRP) genes have been localised to the short arm of the X chromosome (Ott et al, 1990). The 
gene involved in one form of xlRP was subsequently identified. In addition, various genes 
involved in autosomal dominant forms of RP (adRP) have been localized. The first of these 

25 mapped to 3q, close to the gene encoding the rod photoreceptor protein rhodopsin (McWilliam et 
al., 1989; Dryja et al., 1990). Similarly, an adRP gene was mapped to 6p close to the gene 
encoding the photoreceptor protein peripherin (Farrar et al, 1991a,b; Kajiwara et al., 1991). 
Other adRP genes have been mapped to discrete chromosomal locations, but as yet remain 
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uncharacterized. In addition, various genes involved in autosomal recessive RP (arRP) and other 
macular dystrophies have been localized and, in some cases, have been characterized (Humphries 
et al., 1992; Fairer et aL, 1993; Van Soest et al., 1994; Mansergh et al., 1995). 

[0005] Genetic linkage and mutational screening techniques have also enabled identification of 
5 causative dominant mutations in the genes encoding rhodopsin and peripheric Globally, about 
1 00 rhodopsin mutations have been found in patients with RP or congenital stationary night 
blindness. Approximately 40 mutations have been characterized in the peripherin gene in 
patients with RP or macular dystrophies. Knowledge of the molecular aetiology of these 
retinopathies has lead to the generation of animal models of these diseases and the search for 
10 methods of therapeutic intervention (Farrar et al., 1995; Humphries et al., 1997). 

[0006] In addition, Osteogenesis Imperfecta (OI), often referred to as brittle bone disease" is 
caused by one or more mutational events that are characterized by genetic polymorphisms. OI is 
an autosomal dominant inherited disorder which is caused by mutations in two genes, COL1 Al 
and COL1 A2. Both genes encode the two type 1 pro-collagen proteins, precursor forms of 

15 collagen, the most abundant protein in man and the major protein lending strength to bone and 
fibrous tissue. The disease phenotypes of OI patients vary substantially and have generally been 
divided into four major categories (Type I, Type H, Type HI and Type IV) depending on the 
specific mutation involved. Type I OI, the mildest form of the disease, is characterized by blue 
sclera, brittle bones, sometimes loss of hearing and dentinogenesis imperfecta and is usually 

20 caused by null mutations in the COL1 Al or COL1 A2 genes that result in lower levels of protein 
being formed. Type II OI results in extensive fractures and deformities causing perinatal death. 
Types m and IV are fairly similar disorders. They are both progressive and cause short stature, 
hearing loss, fracturing, blue sclera and dentinogenesis imperfecta (Sillence et al., 1979; Byers, 
1989, 1990, 1993; Wenstrup et al, 1990). 

25 [0007J Type I collagen molecules, consisting of two al chains and one a2 chain, are products 
of two genes, COL1A1 and COL1 A2, located on human chromosomes 17 and 7, respectively. 
Each gene contains more than 50 exons. Mutations in COL1 Al and COL1 A2 are known not 
only to cause OI, but also the autosomal dominant type VII Ehlers-Danlos syndrome (EDS) 
(Lehmann et al, 1994), a disease which causes loose-jointedness and fragile, bruisable skin that 

30 heals with peculiar 'cigarette-paper' scars (Barabas, 1 966; Byers et al., 1 997). Mutations in these 
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genes have also been implicated in Marfan syndrome (Dalgleish et al, 1986; Philips et al., 1990; 
D'Alessio, et al.; Vasan, NS et al., 1991). 

[0008] Multiple genes and/or multiple mutations within a gene can give rise to a similar 
disease phenotype in a number of diseases, including OI, familial hypercholesteremia and RP. 
5 For example, there are over 150 different mutations in COL1 Al known to cause OI and over 80 
in COL1 A2 known to cause either EDS or OI (for an online list see 

http;//ww f le,ac.uk/genetics/collaKen/con Al .html). In addition, certain mutations in the COL1A1 gene 
have been implicated in osteoporosis (Hampson et al., 1998; Keen et al, 1 999). These mutations 
are dominant and many are single point mutations, although a number of insertion and deletion 
10 mutations have been found (Willing et aL, 1993; Zhuang et al., 1996). Given this heterogeneity 
there is a need for mutation independent therapeutic agents to treat heterogeneous diseases such 
as OI (i.e., therapeutics that do not target only a single mutation in a gene). 

(00091 The treatment of dominantly inherited diseases in many cases requires suppression of 
the primary mutation or modulation of the dominant effect of the mutation by altering secondary 

15 effects associated with the disease pathology, e.g., modulating apoptosis or programmed cell 
death (Chang et al., 1993; Davidson and Stellar, 1998). Similar treatment strategies can be 
applied to polygenic disorders involving co-inheritance of a number of genetic components that 
together give rise to a disease phenotype. Effective gene therapy for monogenic or polygenic 
diseases caused by dominant negative mutations requires suppression of the disease allele while 

20 in many cases still maintaining the function of the normal allele and/ or modulating a secondary 
effect associated with the disease pathology. However, the genetic heterogeneity inherent in 
many genetic disorders complicates the development of methods of treatment. 

[0010] Gene therapies utilizing viral and non-viral delivery systems have been used to treat 
inherited disorders, cancers and infectious diseases. However, many studies have focused on 

25 recessively inherited disorders, the rationale being that introduction and expression of the wild- 
type gene may be sufficient to prevent/ameliorate the disease phenotype. In contrast, gene 
therapy for dominant disorders (caused by dominant negative mutations) requires suppression of 
the dominant disease allele. Indeed there are over 1 ,000 autosomal dominantly inherited 
disorders in man. A further difficulty is the heterogeneous nature of some dominant disorders, 

30 e.g., when many different mutations in the same gene give rise to a similar disease phenotype. 
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Development of specific gene therapies for each of these mutations maybe prohibitive in terms 
of cost and effectiveness. In addition, there are many polygenic disorders due to co-inheritance 
of a number of genetic components which together give rise to a disease state. Strategies for 
differentiating between normal and disease alleles and for selectively switching off the disease 

5 allele using, for example, antisense DNA/RNA, peptide nucleic acids (PNAs), or triple helix 
forming oligonucleotides that target a particular mutation are problematic where the disease and 
normal alleles differ by only a single nucleotide. There is therefore a need for effective gene 
therapies for dominant or polygenic diseases that target the primary defect, thereby suppressing 
the disease allele, and in many cases also maintaining the function of a normal allele. In 

10 addition, there is a need for suppression therapies that target secondary effects associated with 
the disease pathology such as, for example, programmed cell death (apoptosis), which has been 
observed in many inherited disorders. 

Summary of the Invention 

[0011] The present invention solves the problem of suppressing dominant negative disease 
15 genes using by targeting suppressor effectors to polymorphisms in genes. The invention exploits 
the utility of polymorphism to discriminate between alleles that carry a mutation which may be 
independent of the polymorphism and ones that do not. This provides flexibility in the choice of 
target sequence for suppression, in contrast to suppression strategies directed towards single 
disease mutations, since many genes have multiple polymorphic target sites. 

20 [0012] In one aspect, the invention provides a suppression effector for suppressing 

endogenous gene expression, the suppression effector binds to a polymorphic site on a DNA or 
RNA of a target allele of an endogenous gene, thereby suppressing the functional expression of 
the target allele. The suppression effector is preferably a ribozyme which comprises a nucleic 
acid sequence that binds to at least 3 to about 1 00 nucleotides on either side of a polymorphic 

25 site. Preferably, the suppression effector suppresses functional gene expression of a target allele 
and does not suppress functional gene expression of any wild-type allele. In a preferred 
embodiment, the suppression effector binds to the DNA or RNA of the target allele specifically. 
In another preferred embodiment, the functional gene expression of the target allele is 
exclusively suppressed. In yet another preferred embodiment, the functional gene expression of 

30 the target allele is preferentially suppressed. 
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[0013] The suppression effector broadly may be an antisense nucleic acid, peptide nucleic 
acid (PNA), peptide, antibody, and modified forms thereof. In a preferred embodiment, the 
suppression effector is encoded by a DNA that is incorporated into an expression vector that is 
operatively linked to nucleic acids which regulate its expression in a host cell. In a particularly 
5 preferred embodiment, the suppression effector is a ribozyme, such as a hammerhead ribozyme. 
In another preferred embodiment, the suppressor effector is a DNA which forms triple helix 
DNA with the target allele of the gene. 

[0014] In an embodiment of the invention, the polymorphism or multiple polymorphisms 
which are the target of the suppressor effectors of the invention is located in one or more sites 
10 consisting of coding regions, the 5' untranslated region, the 3' untranslated region, intronic 
regions, control regions, or regions adjacent to a gene to be suppressed. In an embodiment, the 
control region is a transcription control region or a translation control region. 

[0015] In one embodiment, the suppression effector increases the effectiveness or 

action of a compound with which it is co-administered, e.g., by altering drug response. For 

15 example, one allelic variant of a drug metabolising enzyme may either metabolise an 

administered drug too rapidly thereby limiting the bioavailability of the drug and therefore its 
efficacy or alternatively some allelic variants may metabolise an administered drug too slowly 
therefore leading to potential toxicity - i.e., too high levels of drug. Hence, it may be that the co- 
administration of the drug together with suppressing one allelic variant of a gene (e.g., a drug 

20 metabolizing enzyme or DME) and replacing it with an alternative allelic variant of the DME 
would aid in optimizing the effectiveness of the co-administered drug and limit the associated 
toxicity. In another embodiment, the invention can be used to suppress and replace genes and 
gene products involved in either the absorption and transport of the drug and / or the receptor 
target for the drug itself. Some key categories of genes include those encoding drug metabolising 

25 enzymes (for example, the cytochrome P450 genes, thiopurine methyl transferase amongst 
others), genes encoding receptor(s) for drugs (for example, dopamine receptors, p2-adrenergic 
receptor amongst others) and genes encoding products which alter drug absorption and transport 
(for example, P-glycoprotein amongst others). For example, the multi-drug resistance gene 
(MDR-1) encoding P glycoprotein, a member of the ABC transporter family, can significantly 

30 influence the bioavailability of chemotjierapeutic drugs and over-expression of this gene is 
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responsible for tumour resistance to chemotherapeutics in some cases (Refs: Qottesman MM, 
Pastan I. Annu Rev Biochem 62: 385-427 1993). Similarly, well over 100 drugs are substrates 
for one of the cytochrome P450 genes (CYP2D6); various allelic variants have been defined in 
this gene that can result in significantly altered activity of the encoded protein, for example, 

5 allele CYP2D6*5 carries a deletion and hence encodes no enzyme (Skoda RC et al. 1 988 PNAS 
USA 85: 5240-5243; Daly AK et al. 1996 Pharmacogenetics 6: 193-201). Furthermore, studies 
with the p2-adrenergic receptor gene suggest that a single polymorphic variant at codon 16 
(Gly/Arg) of the receptor gene significantly alters response (approximately a 5-fold difference) to 
bronchodilators such as albuterol (Martinez FD et al. 1997 J CHn Invest 160: 3184-3188). The 

10 suppression and replacement of genes involved in altering drug response may aid in optimizing 
the utility of a broad range of drugs. 

[0016] In another embodiment, the suppression effector and replacement technology can be 
used to render a cell or individual which is genetically predisposed to infection by an infectious 
agent resistant to infection. Given knowledge of the molecular mechanisms of infection and 
15 resistance to infectious agents the suppression and replacement technologies described herein can 
be used in the treatment of infectious agents / disorders. 

[0017] In another aspect, the invention provides methods for inhibiting the expression of a 
target allele by providing one or more suppression effectors that bind to a polymorphism within 
or adjacent a DNA or RNA of a target allele such that the functional expression of one allele of a 
20 gene is exclusively or preferentially suppressed. The methods of the invention may be useful for 
treating any disease, but are particularly useful for treating or preventing diseases that are caused 
by dominant negative mutations (either monogenic or polygenic). 

[0018] ■ In another preferred embodiment, the methods of the invention further comprise 
administering a replacement nucleic acid which replaces the polymorphic allele with a functional 
25 wild-type allele or other polymorphic allele not associated with the disease that is associated with 
the target allele. The replacement nucleic acid may be an artificially derived allelic variant of a 
target allele, whereby the allelic variant has a different nucleic acid sequence from that of the 
target allele. Preferably, the suppression effector does not bind, or binds less effectively, to the 
replacement nucleic acid than to an RNA or DNA encoding the target allele. 
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[0019] The replacement nucleic acid for use in the methods of the invention preferably has a 
nucleic acid sequence that is different from that of the target allele. The replacement nucleic acid 
preferably encodes a normal gene product which has equivalent or improved activity compared to 
the endogenous gene product. Thus, in another aspect, the invention provides replacement 
5 nucleic acids, which may be in the form of DNA or RNA sequences that include sequences that 
allow expression of the replacement nucleic acid in vivo. 

[0020] In another aspect, the invention provides a treatment for a disease by providing (a) 
one or more nucleic acids encoding a suppression effector that binds to a DNA or RNA encoding 
one or more polymorphic sites within or adjacent to a target allele of an endogenous gene, and 
10 (b) one or more nucleic acids encoding a replacement nucleic acid to which the suppression 
effector does not bind, or binds less efficiently than the suppression effector binds to the target 
allele. 

[0021] In another aspect, the invention provides a kit comprising a therapeutic for the 
treatment of a genetic disease caused by a deleterious mutation in one or more alleles of a gene, 
15 containing one or more suppression effectors that bind to a DNA or RNA at a polymorphic site 
within or adjacent a target allele of an endogenous gene and thereby suppress the expression of 
the mutant allele. The kit may also contain one or more replacement nucleic acids. 

[0022] Alternatively, a kit is provided for the detection of a polymorphism in a DNA, RNA, 
or body fluid sample by selective cleavage by a ribozyme that binds only to DNA or RNA 
20 comprising certain alleles of a polymorphism, wherein only those alleles that bind to the 

ribozyme are cleaved. The invention provides a a diagnostic kit for detecting whether a patient 
has a mutation on the same allele as a polymorphism, e.g., by using long-range RT PCR. 

[0023] In a particularly preferred embodiment, the genetic disease associated with the 
polymorphism is dominant negative or polygenic in nature, such as for example, osteogenesis 
25 imperfecta and retinitis pigmentosa. 

Brief Description of the Drawings 

[0024] The foregoing and other objects, features and advantages of the present invention, as 
well as the invention itself, will be more fully understood from the following description of 
preferred embodiments when read together with the accompanying drawings, in which: 
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[0025] Figure 1 provides a schematic of two scenarios of the invention in which the allele 
suppression and replacement strategy may be utilized, A. Schematic of two alleles of a patient 
with a dominant negative mutation (indicated with an X) who is homozygous for a 
polymorphism (indicated with an o). Both alleles have a polymorphic variant which can be 

5 suppressed, or partially suppressed with a suppressor effector. A replacement construct 

comprising a replacement nucleic acid may need to be administered. The replacement construct 
contains a different polymorphic variant (indicated with an ■) which can not be suppressed or is 
suppressed less efficiently by the suppressor effector and encodes wild-type protein or non- 
disease causing protein. B. Schematic of two alleles of a patient with a dominant negative 

10 mutation (indicated with an X)in one allele and is heterozygous for a polymorphism (indicated 
with an o or ■). Both alleles have different polymorphic variants of a gene. The suppressor 
effector may selectively suppress the mutant allele. The allele with the mutation has a 
suppressive or partially suppressible polymorphism (indicated with an o) and the wild-type allele 
has a polymorphic variant (indicated with a ■) which can not be suppressed or is suppressed less 

15 efficiently by the suppressor effector. To help overcome possible ill effects due to 

haploinsufficiency of a target gene, a replacement construct which includes a replacement nucleic 
acid may need to be administered. The replacement construct which encodes wild-type protein 
or non-disease causing or non-disease predisposing protein will have the polymorphic variant 
which can not be suppressed or is suppressed less efficiently. 

20 [0026] Figure 2A illustrates the retroviral plasmid pLRNL. RzPolColl Al was cloned into 
the Sail and BamHI sites of pLRNL. In addition, a CMV promoter driving a second 
RzPolColl Al was cloned into the Clal site of pLRNL. 

[0027] Figure 2B illustrates that the RNA population generated by pLRNL would be a mixed 
population of three different RNAs due to the presence of three different promoters. 

25 [0028] Figure 3 illustrates graphs of percentage T-allele RNA collagen 1 Al cleaved by 
RzPolColl Al versus time. (A.) Curves a-g show percentage T-allele RNA cleavage by 
RzPolColl Al at different time intervals of timepoint cleavage reaction of T-allele 
RNA:RzPolCollAl of 1:0.1, 1:0.3, 1:0.5, 1:1, 1:2, 1:10 and 1:100, respectively. (B). Curves a-e 
show the steady-state interval for ratios of T-alieleRNA:RzPolCollAl of 1:0.1, 1:0.3, 1:0.5, 1:1 

30 and 1 :2, respectively. The steady-state interval is at least 10 minutes. V*** and K m were 
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determined using the slopes of the graphs of cleavage of the T-allele RNA by RzPolColl Al 
under multiple-turnover conditions, where the ratio of T-alleleRN A :RzPolCollAl is 1:0.1, 1:0.3 
and 1 :0.5. Un, at which half the substrate COL1 Al transcript has been cleaved under saturating 
conditions, was calculated from the slope of curves g and h in figure 3 A. 

5 [0029] Figure 4 illustrates how RzPolColl Al in pLRNL (Figure 2) suppresses the RNA from 
the T-allele of collagen 1 Al in mesenchymal progenitor stem cells (MPCs), which are 
homozygous for the T-allele. Figure 4A and 4B show that the ribozyme suppresses the collagen 
1 Al transcipt by about 28%. The machine used in this experiment was the light cycler (Roche) 
and the kit used for the one step RT-PCR reaction was the QuantiTect SYBR Green RT-PCR kit 

10 (Qiagen, catalogue number 204243). Figure 4A illustrates the amount of fluorescence (y-axis), 
representing the amount of initial gene transcript (in this case either collagen 1 Al, collagen 1 A2 
or GAPDH), in an untransduced MPC line (mpc) and an MPC line stably transduced with 
pLRNL and RzPolColl Al (pol) (Figure 2). All reactions were carried out in triplicate. Lanes 1- 
4 represent a standard curve of an RT-PCR reaction on RNA from mpc using collagen 1 Al 

15 primers. Lanes 4-7 represent RT-PCR reactions on RNA from mpc using collagen 1 Al primers. 
Lanes 8-10 represent RT-PCR reactions on RNA from pol using collagen 1 Al primers. Lanes 
11-13 represent RT-PCR reactions on RNA from mpc using collagen 1A2 primers. Lanes 14-16 
represent RT-PCR reactions on RNA from mpc using collagen 1 A2 primers. Lanes 23-25 
represent RT-PCR reactions on RNA from mpc using GAPDH primers. Lanes 26-28 represent 

20 RT-PCR reactions on RNA from pol using GAPDH primers. Lanes 29-32 are water blank 

reactions. It is clear that while the amount of collagen 1 Al is lower in pol than in mpc, the level 
of the two control genes, collagen 1 A2 and GAPDH are similar in both pol and mpc. Figure 4B 
illustrates the quantified amount of fluorescence measured by the light cycler (Roche). The lane 
numbers are as in Figure 4A. From these numbers the suppression level of collagen 1 Al by 

25 RzPolColl Al is calculated to be 28.8%. 

[00301 Figure 5 shows GIF images of MPC cells after four days of growth. Cells were then 
treated with a primary anti-human type 1 collagen antibody raised in mouse and a secondary anti- 
mouse antibody with a green fluorescent lable. Cells were analysed and photographed with a 
fluorescent microscope. Green patches represent type 1 collagen protein (i.e. COL1 Al and 
30 COL1A2 fibers). 
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[0031] Figure 6 shows GIF images of Pol 1,2 cells after four days of growth. Cells were then 
treated with a primary anti-human type 1 collagen antibody raised in mouse and a secondary anti- 
mouse antibody with a green fluorescent lable. Cells were analysed and photographed with a 
fluorescent microscope. Green patches represent type 1 collagen protein (i.e. COL1 Al and 
5 COL1A2 fibers). 

[0032] Figure 7 shows GIF images of Pol 3 cells after four days of growth. Cells were then 
treated with a primary anti-human type 1 collagen antibody raised in mouse and a secondary anti- 
mouse antibody with a green fluorescent lable. Cells were analysed and photographed with a 
fluorescent microscope. Green patches represent type 1 collagen protein (i.e. COL1 Al and 
10 COL1 A2 fibers). 

[0033] Figure 8 shows GIF images of MPC cells after seven days of growth. Cells were then 
treated with a primary anti-human type 1 collagen antibody raised in mouse and a secondary anti- 
mouse antibody with a green fluorescent lable. Cells were analysed and photographed with a 
fluorescent microscope. Green patches represent type 1 collagen protein (i.e. COL1 Al and 
15 COL1A2 fibers). 

[0034] Figure 9 shows GIF images of Pol 3 cells after seven days of growth. Cells were then 
treated with a primary anti-human type 1 collagen antibody raised in mouse and a secondary anti- 
mouse antibody with a green fluorescent label. Cells were analysed and photographed with a 
fluorescent microscope. Green patches represent type 1 collagen protein (i.e., COL1 Al and 
20 COL1A2 fibers). 

[0035] Figure 10 shows GIF images of Pol 1,2 cells after seven days of growth. Cells were 
then treated with a primary anti-human type 1 collagen antibody raised in mouse and a secondary 
anti-mouse antibody with a green fluorescent label. Cells were analysed and photographed with a 
fluorescent microscope. Green patches represent type 1 collagen protein (i.e., COL1A1 and 
25 COL1A2 fibers). 

Detailed Description of the Invention 

[0036] Reagents and methods are provided that circumvent the problem of genetic 
heterogeneity present in many genetic disorders by suppressing a polymorphic allele of a gene 
using one or more suppression effectors. Suppression effectors (or "RNA inactivating agents") 
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include nucleic acids such as ribozymes, DNA and RNA, PNAs, peptides, antibodies or modified 
forms of these used to silence or reduce gene expression in a sequence specific manner. The 
invention is of particular use in the suppression of gene alleles that contain mutations that are 
independent of the polymorphism and which cause abnormal or deleterious cell functioning, 

5 deleterious effect(s) or cell death. Suppression effectors can be directed to coding sequence, 5' or 
3' untranslated regions (UTRs), introns, control regions, or to sequences adjacent to a gene or to 
any combination of such regions of a gene or RNA product. Binding of the suppression 
effector(s) prevents or lowers functional expression of a target allele of the endogenous gene 
carrying a deleterious mutation by targeting polymorphism(s) within or adjacent to the gene. In a 

10 preferred embodiment, the invention provides ribozymes and uses thereof which are designed to 
elicit cleavage of RNAs encoded by a target allele of a polymorphic gene. The invention further 
provides nucleotides and uses thereof which form triple helix DNA. Nucleic acids for antisense, 
ribozymes and triple helix DNA may be modified to increase their stability, binding efficiencies 
and /or uptake. 

15 [0037] The term "target allele" "suppression effector target" or target sequence" or the like are 
used interchangeably herein and refer to the allele of a gene which is targeted by a suppressor 
effector and which is thereby suppressed in the practice of the methods of the invention. In a 
preferred embodiment, the gene is an endogenous or naturally occurring gene. To "target" a gene 
or allele of a gene also refers to the binding of the suppression effectors of the invention to their 

20 targets, such as, for example, a ribozyme to an RNA encoded by a particular polymorphic allele 
of a gene. 

[0038] Generally, suppression effectors such as nucleic acids - antisense or sense, ribozymes, 
PNAs, triple helix forming oligonucleotides, peptides and/or antibodies directed to 
polymorphisms in a gene, in transcripts or in protein, can be employed in the invention to 
25 achieve gene suppression. The invention is of particular use in the suppression of gene alleles 
that contain mutations that are independent of the polymorphism (e.g., a polymorphism is present 
on an allele and, in addition, a disease-causing mutation is present at a different position on that 
allele). Alleles of a specific gene can differ from each other in a single nucleotide, or more than 
one nucleotide, and can include substitutions, deletions, insertions and inversions of nucleotides. 
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[0039] In addition, a replacement nucleic acid may be provided which contains the sequence of 
a different polymorphic allele to that of the target allele to be suppressed. Preferred replacement 
nucleic acids include DNA or RNA. A replacement nucleic acid may be a partial sequence (i.e., 
encoding only part of an endogenous gene sequence) or a complete sequence. The replacement 

5 nucleic acid is therefore not recognized (i.e., is not bound by) or is recognized less effectively by 
the suppression effector. Replacement nucleic acids not only escape suppression, at least in part, 
but are likely to be translated into wild-type (e.g., non-disease causing or normal) gene product. 
Preferred replacement nucleic acids are operatively linked to appropriate promoter and / or 
enhancer sequences that direct efficient gene transcription, and/or sequences that ensure the 

10 stability, translation, and transport of the replacement nucleic acid RNA and its translation into 
protein. Additionally, inducible promoters could drive expression of replacement nucleic acids. 
Replacement genes may contain both naturally occuring and/or artificially introduces 
polymorphism(s). 

[0040] In a preferred embodiment of the invention, methods are provided for the targeting (i.e., 
15 hybridize, detect, recognize) of a mutant allele at a polymorphic site within an endogenous gene 
that gives rise to a dominant or deleterious effect or phenotype. The deleterious effect may be 
either monogenic or polygenic. In another embodiment, a replacement nucleic acid is provided 
in the method of the invention to substitute the mutant gene product with a wild-type gene 
product. 

20 [0041] In accordance with the invention a reagent is prepared, broadly referred to herein as a 
suppression effector, which has two functions. First, it comprises a nucleic acid having a 
nucleotide sequence complementary to a region of the sequence of the target allele that 
distinguishes that allele from its counterpart or from a properly functioning allele. Typically, the 
region is an allele-specific polymorphic site. Second, the reagent has a portion that functions to 

25 suppress or inhibit transcription or translation of the target allele or its mRNA. Both functions 
may be embodied in a single molecular structure, but the suppression effector may have distinct 
portions which provide a targeting function and a suppressor function. The targeting function is 
a nucleic acid that hybridizes under physiological conditions to the distinctive portion of the 
target allele or its RNA. The suppressing function preferably is achieved by a ribozyme which 

30 restricts or cuts the target allele or more preferably its RNA. In the case where the reagent is a 
site-specific ribozyme, it preferably is provided to a cell by transfection of a DNA which upon 
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transcription generates the RNA structure of the ribozyme, complete with its targeting nucleotide 
sequence. Details of how to make and how to use such suppression effectors are disclosed 
herein. However, it should be noted that the means and methods of transfecting such DNAs into 
cells, using appropriate vectors and otherwise, and the methods for targeting the transfection to 
5 appropriate cells in a multicellular organism, are known to those skilled in the art and are not 
considered an aspect of the invention. 

[0042] As a result of this transfection, expression of the target allele is inhibited, suppressed, or 
preferably eliminated, and its normally consequent phenotypic effects are blocked or at least 
diminished. In the case where the target allele's counterpart is wild-type or otherwise is 

10 expressed so as to maintain in the organism a non-diseased phenotype, nothing further may be 
needed to complete the therapeutic regime. In other instances, a replacement gene may be 
necessary. The replacement gene may be supplied to cells via coadministration on the same 
vector as, or at the same time as the DNA encoding the suppression effector. This is otherwise 
generic gene therapy of the type described, for example, in 5,399,346, 5,087,617, 5,246,921, 

15 5,834,440, the disclosures of which are incorporated herein by reference. 

[0043] The invention provides methods for suppressing specifically, selectively, or 
preferentially one allele of an endogenous gene with a deleterious mutation(s) and, if required, 
introducing a replacement nucleic acid, the method having the steps of: (1) providing a 
suppressor effector that binds to at least one allele of a gene to be suppressed and (2) providing a 

20 replacement nucleic acid which is a different allele (either a naturally occurring or artificially 
derived allelic variant) than the allele targeted for suppression, wherein the suppressor effectors 
are unable to bind or bind less efficiently to equivalent or homologous regions in the genomic 
DNA or cDNA to prevent expression of the replacement gene. A suppressor effector which 
partially recognizes its target DNA or target allele may not completely suppress its target allele. 

25 In a preferred embodiment a suppression effector achieves between 5% and 1 0%, 1 0% and 30%, 
30% and 60% suppression of its target gene, more preferably between 60% and 80% suppression, 
more preferably 80%-90% suppression and still more preferably 90% to 100% suppression. The 
replacement nucleic acids will not be recognised by suppression nucleic acids, or will be 
recognised less effectively, than the allele targeted by suppression nucleic acids. 
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[0044] Replacement nucleic acids are provided such that replacement nucleic acids will not be 
recognised by naturally occurring suppressors found to inhibit or reduce gene expression in one 
or more individuals, animals or plants. The invention provides for use of replacement nucleic 
acids which have altered sequences around polymorphic site(s) targeted by suppressors of the 

5 gene such that suppression by naturally occurring suppressors is completely or partially 

prevented. This may be due to partial or less efficient recognition, or selective or preferential 
bind of supressor to the mutant allele vs. the replacement allele, and may refer to binding which 
is not stable, due to, for example, sequence dissimilarity or lack of complementarity of the 
sequences. Replacement genes may have naturally occurring or artificially introduced 

10 polymorphisms to minimize suppression. 

[0045] In an additional embodiment of the invention, a method is provided for suppressing 
one allele of a gene using polymorphism where that allele or the product of that allele interferes 
with the action of an administered compound, e.g., by increasing the effectiveness or action of a 
compound with which it is co-administered. It is clear that variations in a range of genes and 

15 therefore gene products can significantly alter drug response. There are, for example, instances 
where one allelic variant of a drug metabolising enzyme (DME) either metabolises an 
administered drug too rapidly thereby limiting the bioavailability of the drug and therefore its 
efficacy or alternatively some allelic variants of DMEs metabolise the administered drug too 
slowly therefore leading to potential toxicity - i.e., too high levels of drug. Hence, it may be that 

20 the co-administration of the drug together with suppressing one variant of the gene encoding the 
DME and replacing it with an alternative allelic variant of the DME would aid in optimizing the 
effectiveness of the co-administered drug and limiting associated toxicity. The same principle 
applies to genes and gene products involved in either the absorption and transport of the drug and 
/ or the receptor target for the drug itself. Some key categories of genes include those encoding 

25 drug metabolising enzymes (for example, the cytochrome P450 genes, thiopurine methyl 
transferase amongst others), genes encoding receptor(s) for drugs (for example, dopamine 
receptors, P2-adrenergic receptor amongst others) and genes encoding products which alter drug 
absorption and transport (for example, P-glycoprotein amongst others). For example, the multi- 
drug resistance gene (MDR-l) encoding P glycoprotein, a member of the ABC transporter 

30 family, can significantly influence the bioavailability of chemotherapeutic drugs and over- 
expression of this gene is responsible for tumour resistance to chemotherapeutics in some cases 
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(Refs: Gottesman MM, Pastan L Annu Rev Biochem 62: 385-427 1993). Similarly, well over 
100 drugs are substrates for one of the cytochrome P450 genes (CYP2D6); various allelic 
variants have been defined in this gene that can result in significantly altered activity of the 
encoded protein, for example, allele CYP2D6*5 carries a deletion and hence encodes no enzyme 

5 (Skoda RC et al. 1988 PNAS USA 85: 5240-5243; Daly AK et al. 1996 Pharmacogenetics 6: 
193-201). Furthermore, studies with the p2-adrenergic receptor gene suggest that a single 
polymorphic variant at codon 16 (Gly/Arg) of the receptor gene significantly alters response 
(approximately a 5-fold difference) to bronchodilators such as albuterol (Martinez FD et al. 1997 
J Clin Invest 1150:31 84-3 188). Hence, the suppression and replacement of genes involved in 

10 altering drug response may aid in optimizing the utility of a broad range of drugs. In another 

embodiment, functional gene expression of the target allele of a gene interferes with the action of 
an administered compound. 

[0046] In another embodiment, the suppression effector and replacement technology can be 
used to render a cell or individual which is genetically predisposed to infection by an infectious 

15 agent resistant to infection. It is clear that infectious agents use defined molecular mechanisms 
to enter and infect cells. These mechanisms are depending on / specific to a particular infectious 
agent and indeed in some cases can vary between different serotypes of the same infectious agent 
(Davidson et al. 2000 PNAS 97: 3428-3432; Yotnda P et al. 2001 Gene Therapy 8: 930-937). 
There is also evidence that small variations in the genes encoding products involved in these 

20 mechanisms of infection can have a substantial effect(s) on the ability of the agent to be 

infectious. For example, there is evidence that HIV requires the CCR5 receptor for infection. The 
CCR5 gene encodes a cell surface receptor protein that binds HIV-suppressive p-chemokines. It 
has been observed that some individuals seem to be resistant to HIV (Samson et al. 1996 Nature 
382: 722-725) and this resistance has been linked to one allelic variant of the CCR5 gene which 

25 has a 32bp deletion in the gene - individuals homozygous for this allele seem to be highly 

resistant to HIV infection. In Caucasian population the frequency of this allele is believed to be 
about 0. 1 suggesting that approxiamely 1 in 100 people may be homozygous for the allele. The 
other 99% of the population harbour one or two alleles of the CCR5 receptor gene that aids HTV 
infection. Similarly it has been established that the Haemaglobin C variant (P6Glu to Lys) can 

30 protect against malarial infection in individuals who are Haemoglobin C homozygous (HbCC). 
(Modlano D et al. 2001 Nature 414: 305-308 / Commentary in Science magazine 2001 294: 
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pl439). Given this scenario there has been and will continue to be a natural evolution towards 
increased frequencies of the Haemaglobin C variant in populations where malaria is prevalent. 
Given knowledge of the molecular mechanisms of infection and resistance to infectious agents 
the suppression and replacement technologies described herein can be used in the treatment of 
5 infectious agents / disorders such as those outlined above. 

[00471 The invention further provides a a tool for selectively suppressing a mutant 
endogenous gene or an endogenous gene which predisposes to disease by the introduction of 
nucleic acids targeting one allele of a gene to be suppressed, wherein suppression is targeted to 
polymorphism(s) in coding regions 5* or 3* untranslated regions, intronic regions, control regions 
10 of a gene to be suppressed or regions adjacent to a gene to be suppressed. The method may also 
include the sequential or concomitant introduction of replacement nucleic acids with sequences 
which allow its expression. In an embodiment, the suppressor may be administered with 
additional compounds. 

[0048] In another aspect, the invention provides a kit containing suppression effectors and 
15 replacement nucleic acids for use in the treatment of a disease caused by a deleterious mutation 
in a gene. In one embodiment, suppression effectors able to bind one allelic variant of the gene 
to be suppressed are provided and, if required, a replacement nucleic acid which has control 
regions that allow its expression. The suppression effector completely or partially escapes 
suppression. 

20 [0049] The invention further provides a vector or vectors (e.g., expression vectors) 

comprising suppression effectors in the form of nucleic acids directed towards a polymorphic site 
within or adjacent to a target gene and vectors) containing genomic DNA or cDNA encoding a 
replacement gene sequence to which suppression nucleic acids are unable to bind (or bind less 
efficiently), in the preparation of a method of suppression and replacement in cells harboring 

25 dominant negative mutations. Exemplary viral vectors which may be used in the practice of the 
invention include those derived from adenovirus (Ad) (Macejak et al. 1999); adenoassociated 
virus (AAV) (Horster et al. 1999); retroviral-C type such as MLV (Wang et al. 1999); lentivims 
such as HIV or SIV (Takahashi et al. 1999); herpes simplex (HSV) (Latchman et al. 2000); and 
SV40 (Strayer et al. 2000). Exemplary, non-viral vectors which may be useful in the practice of 

30 . the invention include bacterial vectors from Shigella flexneri (Sizemore et al. 1995 and 
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Courvalin et al. 1995), such as the S. flexneri which is deficient in cell-wall synthesis and 
requires diaminopimelicacid (DAP) for growth. In the absence of DAP, recombinant bacteria 
lyse in the host cytosol and release the plasmid. Cationic lipid mediated delivery of suppression 
effectors (Tarn et al. 2000), soluble biodegradable polymer-based delivery (Maheshwari et al. 
5 2000), or electroporation/ ionthophoresis (Muramatsu et al. 2001; Rossi et al. 1983) may also be 
used. 

[0050] Nucleic acids for suppression or replacement gene nucleic acids may be provided in the 
same vector or in separate vectors. Naked nucleic acids or nucleic acids in vectors can be 
delivered with lipids or other derivatives which aid gene delivery. Nucleotides may be modified 
10 to render them more stable, for example, resistant to cellular nucleases while still supporting 
RNaseH mediated degradation of RNA or with increased binding efficiencies. 

[0051] The invention also relates to a strategy for suppressing a gene or disease allele using 
methods which do not target the disease mutation specifically but instead target some 
characteristic associated with the allele in which the disease mutation resides. "Characteristic" 

1 5 refers to any nucleotide or sequence difference between two alleles of a gene or the gene product 
or the phenotype associated therewith. A particular embodiment of the invention is the use of 
polymorphism within a gene to direct suppression strategies to the disease allele while still 
allowing continued expression of the normal allele. The strategy circumvents the need for a 
specific therapy for every mutation within a given gene. In addition the invention allows greater 

20 flexibility of choice of target sequence for suppression of a disease allele. 

[0052] Generally the present invention will be useful where the gene, which is naturally 
present in the genome of a subject, contributes to a disease state. Generally, one allele of the 
gene in question will be mutated, that is, will possess alterations in its nucleotide sequence that 
affects the function or level of the gene product. For example, the alteration may result in an 

25 altered protein product from the wild-type gene or altered control of transcription and processing. 
Inheritance, or somatic acquisition, of such a mutation can give rise to a disease phenotype or can 
predispose an individual to a disease phenotype. Alternatively, the gene of interest could also be 
of wild-type or normal phenotype, but contribute to a disease state in another way such that the 
suppression of the gene would alleviate or improve the disease state or improve the effectiveness 

30 of an administered therapeutic compound. 



WO 03/048362 



PCT/GB02/05417 



-18- 

[0053] Notably, the invention has the advantage that the same suppression strategy when 
directed to polymorphisms could be used to suppress, in principle, many mutations in a gene. 
This is particularly relevant when large numbers of mutations within a single gene cause disease 
pathology. The proportion of disease mutations which can be suppressed using a polymorphism 
5 will depend in part on the frequency of the polymorphism chosen for suppression in the 

population. For example, approximately 40% of individuals are heterozygous for the collagen 
1 Al 3210 polymorphism. To increase the number of individuals that could be treated using 
suppression effectors directed to polymorphisms and, in addition, to increase the efficiency of 
suppression, multiple polymorphisms within a gene could be used when necessary. 

10 [0054] Suppression using one allele of a polymorphism enables, when necessary, the 
introduction of a replacement gene with a different allele of the polymorphism such that the 
replacement gene escapes suppression completely or partially as does the normal endogenous 
allele. The replacement gene provides (when necessary) additional expression of the normal 
protein product when required to ameliorate pathology associated with reduced levels of wild- 

15 type protein. The same replacement gene could in principle be used in conjunction with the 
suppression of many different disease mutations within a given gene. Target polymorphisms 
may be found either in coding or non-coding sequence or in regions 5' or 3 * of the gene. For 
example, intronic polymorphisms could be used for suppression. The use of polymorphic targets 
for suppression in 5* and 3' non-coding sequence holds the advantage that such sequences are 

20 present in both precursor and mature RNAs, thereby enabling suppressors to target all forms of 
RNA. In contrast, intronic sequences are spliced out of mature transcripts. Similarly 
polymorphism found in coding sequence would be present in precursor and mature transcripts, 
again enabling suppressors to target all forms of RNA. Polymorphisms in coding sequence may 
be silent and have no effect on subsequent protein amino acid content or may result in an amino 

25 acid substitution but not lead to a disease pathology. In the latter case, such polymorphisms may 
enable targeting of one allele specifically at the protein level by directing, for example, 
antibodies, uniquely to one form of the protein. In addition, polymorphisms may cause disease 
or predispose to disease. 

[0055] The instant invention is particularly useful for diagnosing an autosomal dominant or 
30 polygenic genetic disorder by detecting the presence of a polymorphism that is independent of a 
disease mutation on an allele. An individual may be homozygous or heterozygous for a 
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particular polymorphism. The proportion of individuals who will be heterozygous for a 
particular polymorphism will depend on the allele frequencies of the polymorphism in the 
population being assessed. 

[0056] In some cases it is possible that lowering RNA levels may lead to a parallel lowering 
5 of protein levels, however this is not always the case. In some situations mechanisms may 
prevent a significant decrease in protein levels despite a substantial decrease in levels of RNA, 
However, in many instances suppression at the RNA level has been shown to lower protein 
levels. In some cases it is thought that ribozymes elicit suppression not only by cleavage of RNA 
but also by an antisense effect due to the antisense arms in the ribozyme surrounding the catalytic 
10 core. Ribozyme activity may be augmented by the use of, for example, non-specific nucleic acid 
binding proteins or facilitator oligonucleotides (Herschlag et al., 1994; Jankowsky and 
Schwenzer, 1996). Multitarget ribozymes such as, for example, connected or shotgun ribozymes 
have been suggested as a means of improving the efficiency of ribozymes for gene suppression 
(Ohkawa et al., 1993). In addition, maxizymes which do not require NUX sites offer more 
15 flexibility in terms of selecting suitable target sites. 

[0057] In an embodiment, the invention provides transgenic animals, e.g., non-human 
animals, birds, reptiles, marsupials or amphibians, in which one or more of the cells of the 
animal contain heterologous nucleic acid introduced by way of human intervention, such as by 
transgenic techniques well known in the art. The nucleic acid is introduced into the cell, directly 

20 or indirectly by introduction into a precursor of the cell, by way of deliberate genetic 

manipulation, such as by microinjection or by infection with a recombinant virus. This molecule 
may be integrated within a chromosome, or it may be extrachromosomally replicating DNA. In 
the typical transgenic animals described herein, the transgene causes cells to express a 
recombinant form of a polypeptide, e.g. either agonistic or antagonistic forms. Moreover, 

25 transgenic animals may be animals in which gene disruption of one or more genes is caused by 
human intervention, including both recombination and antisense techniques. The technologies 
could be used, as in humans, to develop therapies for animals. Alternatively, the patented 
technologies could be used as research tools in the development of animal models mostly via 
transgenic techniques. In addition, they could be utilized in such animals to investigate the role / 

30 functions of various genes and gene products. Alternatively, the methods of the invention herein 
can be used in the field of veterinary medicine as therapeutics. 
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Svnthesis of an Expression Effector 

[0058] A ribozyme can be designed to cleave most RNA molecules by designing specific 
ribozyme aims which bind to a particular RNA on either side of a consensus NUX site, where N 
is selected from the group consisting of C, U, G, A and X is selected from the group consisting of 

5 C, U or A. Thus any RNA possessing an NUX site is a potential target However, other 
variables require consideration in designing a ribozyme, such as the two dimensional 
conformation of the RNA (e.g., loops) and the accessibility of a ribozyme for its target. The 
utility of an individual ribozyme designed to target an NUX site in an open loop structure of 
transcripts from one allele of a gene will depend in part on the robustness of the RNA open loop 

10 structure when various deleterious mutations are also present in the transcript. Robustness may 
be evaluated using an RNA-folding computer program such as RNAP 1 otFold. A robust loop 
refers to the occurrence of the loop for most or all of the plotfolds with different energy levels. 
For example, in Example 1, data for six different adRP causing mutations in the rhodopsin gene 
were evaluated. For each of these mutations the large RNA open loop structure which is targeted 

15 by Rzl 0 was maintained in the mutant transcripts (Table 1). 

[0059] Robustness of loop structures was evaluated over a broad energy profile, for example, 
a 140 bp RNA was assessed in the range between about -280 to -380 kcal/mol. For example, a 
1347 nucleotide human COL1 Al mRNA was assessed for internal molecular energy levels of: - 
311.8,-312.9,-313.0,-314.1 and -314.4 kcal/mole. A 370 nucleotide human COL1A1 mRNA 
20 was assessed in a second plotfold for levels of: -52.5, -5 1 .7, -5 1 .1 , -50.7 and -50.2 kcal/mole. A 
1399 nucleotide human COL1 A2 mRNA was assessed for: -455.4, -455.2, -454.1, -453.9 and - 
453.7 kcal/mole. A 1 300 nucleotide human rhodopsin mRNA was assessed for: -342.3, -343.0, 
0342.7, -342.5, -341.9, -341.1, -340.4, -340.3, -340.1, -339.3, -338.3 and -338.1 kcal/mole. 

[0060] As exemplified herein, RNA was expressed from cDNAs coding for alleles of three 
25 different proteins: human rhodopsin, human type 1 collagen 1A1 and human type I collagen 1 A2. 
The cDNA templates utilized in the invention coded for specific allelic variants of each of these 
three genes. In the case of rhodopsin, polymorphisms were artificially derived to exemplify the 
invention and the use of the invention for retinopathies such as adRP. In the case of the collagen 
cDNAs, three separate naturally occurring polymorphisms of the human collagen 1 Al or 1 A2 
30 . genes were targeted to demonstrate the invention and the potential use of the invention for 
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disorders such as 01. Transcripts expressed from individual allelic variants of all three genes 
were used as in vitro targets of hammerhead ribozymes directed towards one single allelic form 
of the gene. In all three examples, the ribozymes directed to polymorphic sites were successful 
in cleaving target RNAs from one allele in the predicted manner. Additionally, replacement 
5 transcripts from an alternative polymorphic variant of each of the genes tested were not cleaved 
by the ribozymes, thus demonstrating the polymorphism-specific nature of the reagents and 
methods of the invention. 

[0061] In one embodiment, the invention is exemplified herein using polymorphic regions of 
the rhodopsin gene (see Example 1). The unmutated human rhodopsin cDNA (SEQ ID NO:l) 

10 and the human rhodopsin cDNA with a single nucleotide substitution in the coding sequence 
were cut with BstEII and expressed in vitro. A single base change occurs at the third base 
position of the codon at position 477 (position 209 of SEQ ID NO: 12) and therefore does not 
alter the amino acid coded by this triplet. While the polymorphism is artificially derived, it 
mirrors naturally occurring polymorphisms in many genes which contain single nucleotide 

15 alterations that are silent. The hammerhead ribozyme Rzl 0 (SEQ ID NO: 14) cloned into 

pcDNA3 was cut with Xbal and expressed in vitro. Resulting ribozyme and human rhodopsin 
RNAs were mixed with varying concentrations of MgCl 2 to optimize cleavage of template RNA 
by RzlO. In addition, a profile of human rhodopsin RNA cleavage by RzlO over time was 
generated by polyacrylamide gel electrophoresis by standard methods. Unmutated and mutated 

20 human rhodopsin cDNAs were cut with Fspl and BstEII respectively, expressed in vitro and the 
resulting transcripts mixed together with RzlO RNA to test for cleavage over time. Likewise, 
unmutated and mutated human rhodopsin cDNAs were cut with Acyl and BstEII respectively, 
both were expressed in vitro and resulting transcripts mixed with RzlO RNA at varying MgC^ 
concentrations to test for cleavage. It is worth noting that the Acyl enzyme cuts after the stop 

25 codon and therefore the resulting RNA included the complete coding sequence of the gene. In all 
cases expressed RNAs were the predicted size. In addition, in all cases unmutated transcripts 
were cleaved into products of the predicted size. Cleavage of unmutated human rhodopsin RNA 
was almost complete - little residual uncleaved RNA remained (e.g., less than 5%). In all cases 
mutated human rhodopsin RNAs with a single base change at a silent site remained intact, that is, 

30 it was not cleaved by RzlO and therefore "protected." Thus, transcripts from one allele of this 
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artificial polymorphism were cleaved by RzlO while transcripts from the other allele were not 
cleaved. 

[0062] The ribozyme Rz20 (SEQ ID NO: 1 5) was designed to elicit mutation specific 
cleavage of transcripts containing a Pro23Leu rhodopsin mutation. Rz20 cloned into pcDNA3 
5 was cut with Xbal and expressed in vitro. Similarly, the rhodopsin cDNA containing a Pro23Leu 
mutation was cut with BstEII and expressed in vitro. A profile of human rhodopsin RNA 
cleavage by Rz20 over time was generated by polyacrylamide gel electrophoresis by standard 
methods. All expressed products, and cleavage products were the predicted size 

[0063] Cleavage of mutant rhodopsin transcripts by Rzl 0 which targets a ribozyme cleavage 
10 site 3* of the site of the Pro23Leu mutation in one allele of an artificially derived polymorphism 
in rhodopsin coding sequence was also explored. The mutant rhodopsin cDNA and RzlO clones 
were cut with BstEII and Xbal respectively and expressed in vitro. Resulting RNAs were mixed 
and incubated with lOraM MgCh for varying times. All expressed products and cleavage 
products were the predicted size. Rzl 0 cleaved mutant rhodopsin transcripts when the mutation 
15 was on the same allele of the polymorphism targeted by RzlO. Using an artificially derived 

allelic variant around the RzlO cleavage site, transcripts from the artificial allele remained intact 
due to the absence of the RzlO target site. Hence, Rzl 0 can be used to cleave mutant transcripts 
in a manner independent of the disease mutation itself, that is, by targeting a polymorphism, 
while wild-type transcripts from the alternative allele (in this case artificially derived to 
20 exemplify the process for rhodopsin) remain intact and therefore could supply the wild-type 
protein. 

[0064] Table 1 A provides a list of some polymorphisms in the rhodopsin, peripherin and 
collagen 1A1 and 1A2 genes. Table IB shows that the RzlO target site (475-477) open loop 
structure of rhodopsin RNA remains intact in various mutant transcripts 

25 [0065] Table 1 

A: Listing of some polymorphisms (silent/non-silent) in rhodopsin, peripherin and collagen 
1A1 and 1 A2 genes. The polymorphisms used in the invention are listed here - however 
many other polymorphisms have been characterised in the collagen 1A1 and 1A2 genes. A 
38 base pair polymorphism in collagenlA2 is also listed. 
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Rhodopsin 


Peripherin 


Collaeen 1A1 


CollanenlA2 










Glyl20Gly 


C558T 


T(0.28)3210C 
(0.72) 


A902G 


Ala 173 Ala 


Glu304Gln 




T907A 




Lys310 Arg 




38bp insert. 
(Dalglcish,1986) 




Gly338 Asp 







B: Rhodopsin mutations tested to assess if the predicted open loop RNA structure 
containing the RzlO target site (475-477) remains intact in mutant transcripts. 

5 



Rhodopsin mutation 


RNA onen loop targeted bv RzlO 










Pro 23 Leu 


Intact 


Gly 51 Val 


Intact 


Thr 94 ne 


Intact 


Gly 188 Arg 


Intact 


Met 207 Arg 


Intact 


He del 255 


Intact 
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[0066] In another embodiment, the invention is exemplified herein using polymorphic 
regions of the collagen 1 Al gene (see Example 1). The hammerhead ribozyme RzPolCol 1 Al 
(SEQ ID NO: 19) targeting a polymorphic site in human collagen 1A1 sequence was cut with Xbal 

5 and expressed in vitro. The human collagen 1A1 cDNA clones (A and B) containing the two 
allelic forms of a naturally occurring polymorphism (T/C) in the 3'UTR of the gene at position 
32 1 0 of the sequence were cut with Xbal, expressed in vitro and both RNAs mixed separately 
with RzPo 1 Col 1 Al RNA to test for cleavage. RNAs were mixed with varying concentrations of 
MgCl 2 to optimize cleavage of RNAs by RzPolCol 1A1. Notably, over 90% of the RNA 

10 transcripts from human collagen 1A1 (A) which has a T nucleotide at position 3210 and therefore 
contains a ribozyme cleavage site GTC (3209-321 1) were cleaved, while transcripts from the 
other allele (collagenlAl (B)) which has a C nucleotide at this position, remained intact. 
Cleavage of collagen 1A1 transcripts over time in lOmM MgCb was assessed for the T allele of 
the polymorphism and the C allele of the polymorphism at position 3210, as well. 

15 [0067] In another embodiment, the invention is exemplified herein using polymorphic 

regions of the collagen 1 A2 gene (see Example 1). The hammerhead ribozymes Rz902 (SEQ ID 
NO:23) and Rz907 (SEQ ID NO:24), cloned into pcDNA3, which target two different 
polymorphic sites located 6 bases apart in human collagen 1A2 sequence. The two polymorphic 
sites are in the same open loop structure in the predicted 2-D conformations of the collagen 1 A2 

20 transcript. One ribozyme targets one allele of the first polymorphism in collagen 1 A2 while the 
second ribozyme targets one allele of the second polymorphism in collagen 1A2. This 
experiment demonstrates that multiple polymorphisms within or close to a gene in the same 
allele could be targeted to achieve efficient and specific suppression of an individual allele. 
Significantly, naturally occurring polymorphic variants have been observed in the retinal specific 

25 genes encoding the photoreceptor proteins rhodopsin and peripherin (Table 1). Although these 
do not occur at optimal ribozyme cleavage sites (i.e., NUX sites in RNA open loop structures) 
approaches such as, for example, antisense, triplex helix, maxizymes or antibodies may be 
utilized to achieve suppression of single alleles carrying disease mutations while enabling 
continued expression from alternative allelic forms of the gene with wild-type sequence using 

30 these or other polymorphisms. Further sequencing of the introns of these retinal genes may 
reveal other appropriate polymorphic target sites for hammerhead ribozymes. The human 



WO 03/048362 



PCT/GB02/05417 



- 25 - 

collagen 1A2 cDNA clones (A and B) containing two allelic forms of two polymorphisms in the 
coding sequence of the gene, at positions 902 and 907 of the sequence, were both cut with either 
Xbal and Mvnl, expressed in vitro and RNA, mixed together with Rz902 or Rz907 RNA to test 
for cleavage of transcripts by these ribozymes. All expressed transcripts were the predicted sizes. 

5 RNAs were mixed with varying concentrations of MgCh to optimize cleavage of RNAs by 
Rz902 and Rz907. Notably the majority of the RNA transcripts from human collagen 1A2 (A) 
which has a G nucleotide at position 902 and a T nucleotide at position 907 was cleaved by 
Rz907. Cleavage products were the predicted size. In contrast human collagen 1A2 (A) 
transcripts were not cleaved by Rz902. This allelic form of the gene has a ribozyme cleavage site 

10 at 907 but does not have a cleavage site at position 902. Notably the situation is reversed with 
transcripts from human collagen 1 A2 (B) where in this allelic form of the gene due the nature of 
the polymorphisms present there is a ribozyme cleavage site at position 902 but the site which in 
the other allelic form of the gene was at position 907 has been lost. Transcripts from human 
collagen 1 A2 (B) were cleaved specifically by Rz902 and cleavage products were the predicted 

15 size. In contrast, transcripts from this allelic form of the gene were not cleaved by Rz907 due to 
the alteration in the sequence around the ribozyme cleavage site. Cleavage of collagen 1A2 (B) 
by Rz902 was less efficient than cleavage of collagen 1A2 (A) by Rz907. This is consistent with 
2-D predictions of RNA open loop structures for the two polymorphisms - in the allele 
containing the Rz907 ribozyme cleavage site, the target site is found more consistently in an 

20 open loop structure when compared to the Rz902 cleavage site. However, these two 

polymorphisms which are in strong linkage disequilibrium with each other (separated by only 6 
bases) and which are often found in the same open loop structure of the transcript clearly 
demonstrate the feasibility and utility of polymorphisms in directing suppression effectors to 
different alleles of genes, in this case the human collagen LA2 gene. 

25 Ribozyme Suppressor 

[0068] Preferred antisense molecules are ribozymes designed to catalytically cleave target 
allele mRNA transcripts to prevent translation of mRNA and expression of a target allele (See, 
e.g., PCT International Publication WO 94/1 1364, published Oct. 4, 1990; Sarver et al., 1990). 
Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA. A 
30 ribozyme may be, for example, a hammerhead ribozyme (Haseloff et al. 1989); a hairpin 

ribozyme (Feldstein et al. 1989); a hepatitis delta virus RNA subfragment (Wu et al. 1989); a 
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neurospora mitochondrial VA RNA (Saville et al. 1 990); a connected or shotgun ribozyme (Chen 
et al. 1992); or a minizyme (or a transplicing ribozyme (Ayre et al. 1999) or a maxizyme 
(Kuwabara et al. 1998) (Kuwabara et al. 1996). In addition, the inhibitory effect of some 
ribozymes may be due in part to an antisense effect of the antisense sequences flanking the 

5 catalytic core which specify the target site. A hammerhead ribozyme may cleave an RNA at an 
NUX site in any RNA molecule, wherein N is selected from the group consisting of C, U, G, A 
and X is selected from the group consisting of C, U or A. Alternatively, other recognition sites 
may be used as appropriate for the ribozyme. The mechanism of ribozyme action involves 
sequence specific hybridization of the ribozyme molecule to complementary target RNA, 

10 followed by an endonucleolytic cleavage. The composition of ribozyme molecules must include 
one or more sequences complementary to the target gene mRNA, and must include a catalytic 
sequence responsible for mRNA cleavage. For example, see U.S. Pat. No. 5,093,246, which is 
incorporated by reference herein in its entirety. As such within the scope of the invention are 
engineered hammerhead motif ribozyme molecules that specifically and efficiently catalyze 

15 endonucleolytic cleavage of RNA sequences encoding a target allele protein. 

[0069] While various ribozymes that cleave mRNA at site specific recognition sequences can 
be used to destroy target allele mRNAs, the use of hammerhead ribozymes is preferred. 
Hammerhead ribozymes are small catalytic RNA enzymes that can elicit sequence specific 
cleavage of a target RNA transcript. Hammerhead ribozymes cleave mRNAs at locations 
20 dictated by flanking regions that form complementary base pairs with the target mRNA. The 
sole requirement is that the target mRNA have the following sequence of two bases: 5-UX-3 1 
where X = A, C or U. The construction and production of hammerhead ribozymes is well known 
in the art and is described more fully in Haseloff and Gerlach, 1 988. 

[0070] The ribozymes of the present invention also include RNA endoribonucleases 
25 (hereinafter "Cech-type ribozymes") such as the one which occurs naturally in Tetrahymena 
Thermophila (known as the IVS, or L-19 IVS RNA) and which has been extensively described 
by Thomas Cech and collaborators (Zaug, et al., 1984; Zaug and Cech, 1986; Zaug, et al., 1986; 
published International patent application No. WO88/04300 by University Patents Inc.; Been and 
Cech, 1986). The Cech-type ribozymes have an eight base pair active site which hybridizes to a 
30 target RNA sequence whereafter cleavage of the target RNA takes place. The invention 

encompasses those Cech-type ribozymes which target eight base-pair active site sequences that 
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are present in a target allele. Hairpin, hammerhead, trans-splicing ribozymes and indeed any 

ribozyme could be used in the practice of the invention (Haseloff et al. 1 989; Feldstein et al. 

1989; Wu et al. 1989; Saville 1990; Chen et al. 1992; and Kuwabara et al 1996). In addition, any 

RNA inactivating or RNA cleaving agent which is capable of recognition of and/or binding to 
5 specific nucleotide sequences in an RNA is contemplated. For example, splicesome-mediated 

RNA trans-splicing (Puttaraju et al. 1999); double strand RNA (Fire et al. 1 998; Bahramian et al. 

1999); PNAs (Chinnery et al. 1999; Nielsen et al. 2000); antisense DNA (Reaves et al. 2000); 

antisense RNA (Chadwick et al. 2000); or triple helix forming oligonucleotides (Chan et al. 

1997) have been used as gene therapies. All types of RNA may be cleaved in the practice of the 
10 invention, including, for example, mRNA, tRNA, rRNA and snRNPs. 

[0071] As in the antisense approach, the ribozymes can be composed of modified 
oligonucleotides (e.g., for improved stability, targeting, etc.) and should be delivered to cells 
which express the target allele. A preferred method of delivery involves using a DNA construct 
"encoding" the ribozyme under the control of a strong constitutive pol III or pol II promoter, so 
15 that transfected cells will produce sufficient quantities of the ribozyme to destroy endogenous 
target allele messages and inhibit translation. Because ribozymes unlike antisense molecules, are 
catalytic, a lower intracellular concentration of ribozymes may be required for efficient 
suppression. 

Antisense Suppressor 

20 [0072J One aspect of the invention relates to the use of the suppressor effectors in "antisense" 
suppression. As used herein, antisense suppression refers to administration or in situ generation 
of nucleic acid sequences or their derivatives which specifically hybridize or bind under cellular 
conditions, with the cellular mRNA and/or genomic DNA encoding one or more of the subject 
target alleles so as to inhibit expression of that target allele, e.g. by inhibiting transcription and/or 

25 translation. The binding may be by conventional base pair complementarity, or, for example, in 
the case of binding to DNA duplexes, through specific interactions in the major groove of the 
double helix. In general, antisense suppression refers to the range of techniques generally 
employed in the art, and includes any suppression which relies on specific binding to nucleic acid 
sequences. An antisense construct of the present invention can be delivered, for example, as an 

30 expression plasmid which, when transcribed in the cell, produces RNA. which is complementary 



WO 03/048362 



PCT/GB02/05417 



-28- 

to at least a unique portion of the cellular mRNA which encodes a target sequence or target allele 
of an endogenous gene. Alternatively, the antisense construct is a nucleic acid which is 
generated ex vivo and which, when introduced into the cell causes inhibition of expression by 
hybridizing with the mRNA and/or genomic sequences of a target allele of an endogenous gene. 

5 Such nucleic acids are preferably modified oligonucleotides which are resistant to endogenous 
nucleases, e.g. exonucleases and/or endonucleases, and are therefore stable in vivo. 
Modifications, such as phosphorothioates, have been made to nucleic acids to increase their 
resistance to nuclease degradation, binding affinity and uptake (Cazenave et al., 1989; Sun et al., 
1989; McKay et al., 1996; Wei et al., 1996). Exemplary nucleic acid molecules for use as 

10 antisense oligonucleotides are phosphoramidate, phosphothioate and methylphosphonate analogs 
of DMA (see also U.S. Pat. Nos. 5,176,996; 5,264,564; and 5,256,775). Additionally, general 
approaches to constructing oligomers useful in antisense therapy have been reviewed, for 
example, by Van der Krol et al., 1988 and Stein et al., 1988. 

[0073] Antisense approaches involve the design of oligonucleotides (either DNA or RNA) 

15 that are complementary to a target allele of a gene or its gene product. The antisense 
oligonucleotides may bind to the target allele mRNA transcripts and prevent translation. 
Absolute complementarity, although preferred, is not required Antisense nucleic acids that are 
complementary to the 5' end of the message, e.g., the 5' untranslated sequence up to and 
including the AUG initiation codon, should work most efficiently at inhibiting translation. 

20 However, sequences complementary to the 3' untranslated sequences of mRNAs are also 
effective at inhibiting translation of mRNAs. (Wagner, R. 1994. Therefore, nucleic acids 
complementary to either the 5' or 3' untranslated, non-coding regions of a target allele of an 
endogenous gene could be used in an antisense approach to inhibit translation of the product of 
the target allele. Nucleic acids complementary to the 5' untranslated region of the mRNA should 

25 preferably include the complement of the AUG start codon. Antisense nucleic acids 

complementary to mRNA coding regions are less efficient inhibitors of translation but could be 
used in accordance with the invention. Whether designed to hybridize to the 5', 3' or coding 
region of the mRNA encoding a target allele, antisense nucleic acids should be about at least six 
nucleotides in length, and are preferably nucleic acids ranging from 6 to about 50 nucleotides in 

30 length. In certain embodiments, the nucleic acid is at least 10 nucleotides, at least 17 nucleotides, 
at least 25 nucleotides, or at least 50 nucleotides in length. 
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[0074] Suppression of RNAs that are not translated are also contemplated, such as, for 
example, snRNPs, tRNAs and rRNAs. For example, some genes are transcribed but not 
translated or the RNA transcript functions at the RNA level (i.e., the RNA of these genes may 
have a function that is separate from the function which its translated gene product (protein) may 

5 have). For example, in an Irish family suffering from retinitis pigmentosa in conjunction with 
sensorineural deafness, the mutation was identified to be a single base substitution in the second 
mitochondrial serine tRNA gene, a gene which is indeed transcribed but not translated 
(Mansergh et al. 1999). Other examples include Tsix and Xist (van Stijn et al. 1995; Ruport et al. 
1995), H19 (Miyatake et al. 1996; Matsumoto et al. 1994; Redeker et al. 1993), IPW (imprinted 

10 gene in the Prader-Willi syndrome region) (Wevrick et al. 1994). The IPW RNA is spliced and 
polyadenylated, but its longest open reading frame is 45 amino acids. The RNA is widely 
expressed in adult and fetal tissues and is found in the cytoplasmic fraction of human cells, 
which is also the case for the H 1 9 non-translated RNA, but differs from the Xist RNA which is 
found predominantly in the nucleus. Using a sequence polymorphism, exclusive expression from 

15 the paternal allele in lymphoblasts and fibroblasts has been demonstrated and monoallelic 
expression found in fetal tissues. 

[0075] Regardless of the choice of target sequence, it is preferred that in vitro studies are first 
performed to quantitate the ability of the antisense nucleic acid to inhibit gene expression. It is 
preferred that these studies utilize controls that distinguish between antisense gene inhibition and 
20 nonspecific biological effects of the nucleic acids. It is also preferred that these studies compare 
levels of the target RNA or protein with that of an internal control RNA or protein. 

[0076] The antisense nucleic acids can be DNA or RNA or chimeric mixtures or derivatives 
or "modified versions thereof, single-stranded or double-stranded. As referred to herein, 
"modified versions thereof refers to nucleic acids that are modified, e.g., at a base moiety, sugar 

25 moiety, or phosphate backbone, for example, to improve stability or halflife of the molecule, 
hybridization, etc. Possible modifications include but are not limited to the addition of flanking 
sequences of ribonucleotides or deoxyribonucleotides to the 5" and/or 3 1 ends of the molecule or 
the use of phosphorothioate or T O-methyl rather than phosphodiesterase linkages within the 
oligodeoxyribonucleotide backbone. The nucleic acid may include other appended groups such 

30 as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport across 
the cell membrane (see, e.g., Letsinger et al., 1989; Lemaitre et al., 1987; PCT Publication No. 
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WO 88/09810, published Dec. 15, 1988) or the blood-brain barrier (see, e.g., PCT Publication 
No. WO 89/10134, published Apr. 25, 1988), hybridization-triggered cleavage agents, (See, e.g., 
Krol et al., 1988) or intercalating agents. (See, e.g., Zon, 1988). To this end, the oligonucleotide 
maybe conjugated to another molecule, e.g., a peptide, hybridization triggered cross-linking 
agent, transport agent, hybridization-triggered cleavage agent, etc. 

[0077] The antisense oligonucleotide may comprise at least one modified base moiety which 
is selected from the group including, but not limited to, 5-fluorouracil, 5-bromouracil, 5- 
chlorouracil, 5-iodouracil, hypoxanthine, xantine, 4-acetylcytosine, 5-(carboxyhydroxylmethyi) 
uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, 
dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-methyiguanine, 1- 
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5- 
methylcytosine, N6-adenine, 7-methylguanine, 5-rnethylaminomethyluracil, 5- 
methoxyaminomethyI-2-thiouracil, beta-D-manno sylqueosine, S'-methoxycarboxymethyluracil, 
5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), 
wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-meth>4-2-thiouracil, 2-thiouracil, 4- 
thiouracil, 5-methyluracil, uracil-5oxyacetic acid methylester, uracil-5-oxyacetic acid (v), -5- 
methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 

[0078] The antisense nucleic acids may also comprise at least one modified sugar moiety 
selected from the group including but not limited to arabinose, 2-fluoroarabinose, xylulose, and 
hexose. 

[0079] In yet another embodiment, the antisense nucleic acid comprises at least one modified 
phosphate backbone selected from the group consisting of a phosphorothioate, a 
phosphorodithioate, a phosphoramidothioate, aphosphoramidate, a phosphordiamidate, a 
methylphosphonate, an alkyl phosphotriester, and a formacetal or analog thereof. 

[0080] In yet another embodiment, the antisense nucleic acid is an .alpha.-anomeric 
oligonucleotide. An .alpha.-anomeric oligonucleotide forms specific double-stranded hybrids 
with complementary RNA in which, contrary to the usual .beta.-units, the strands run parallel to 
each other (Gautier et al, 1987). The oligonucleotide is a 2 , -0-methylribonucleotide (Inoue et al., 
1987), or a chimeric RNA-DNA analogue (Inoue et al., 1987). 
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[0081] The antisense molecules should be delivered to cells which express the target allele. 
A number of methods have been developed for delivering antisense DNA or RNA to cells; e.g., 
antisense molecules can be injected directly into a tissue site, or modified antisense molecules, 
designed to target the desired cells (e.g., antisense linked to peptides or antibodies that 
5 specifically bind receptors or antigens expressed on the target cell surface) can be administered 
systemically. 

[0082] However, it is often difficult to achieve intracellular concentrations of the antisense 
sufficient to suppress translation of endogenous mRNAs. Therefore a preferred approach utilizes 
a recombinant DNA construct in which the antisense nucleic acid is placed under the control of a 

10 strong promoter. The use of such a construct to transfect target cells will result in the 

transcription of sufficient amounts of single stranded RNAs that will form complementary base 
pairs with the endogenous target allele transcripts and thereby prevent translation of the target 
allele mRNA. For example, a vector can be introduced such that it is taken up by a cell and 
directs the transcription of an antisense RNA. Such a vector can remain episomal or become 

15 chromosomally integrated, as long as it can be transcribed to produce the desired antisense RNA. 
Such vectors can be constructed by recombinant DNA technology methods standard in the art. 
Vectors can be plasmid, viral, or others known in the art, used for replication and expression in 
mammalian cells. Expression of the sequence encoding the antisense RNA can be by any 
promoter known in the art to act in mammalian, preferably human cells. Such promoters can be 

20 inducible or constitutive. Such promoters include but are not limited to: the SV40 early 

promoter region (Bemoist and Chambon, 1981), the promoter contained in the V long terminal 
repeat of Rous sarcoma virus (Yamamoto et al., 1980), the herpes thymidine kinase promoter 
(Wagner et al., 1981), the regulatory sequences of the metallothionein gene (Brinster et al, 1982), 
the rhodopsin promoter (McNally et al. 1999; Zacketal., 1991), the collagen 1A2 promoter 

25 (Akai et al. 1999; Antoniv et al. 2001), the collagen 1A1 promoter (Sokolov et al. 1995; Breault 
et al. 1997) and others. Any type of plasmid, cosmid, YAC or viral vector can be used to prepare 
the recombinant DNA construct which can be introduced directly into the tissue site; e.g., the 
bone marrow. Alternatively, viral vectors can be used which selectively infect the desired tissue; 
(e.g., for brain, herpesvirus vectors may be used), in which case administration may be 

30 accomplished by another route (e.g., systemically). 
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[0083] The antisense constructs of the present invention, by antagonizing the normal 
biological activity of the target allele proteins, can be used in the modulation (i.e., activation or 
stimulation, e.g., by agonizing or potentiating and inhibition or suppression, e.g., by 
antagonizing, decreasing or inhibiting) of cellular activity both in vivo and, likewise, for ex vivo 
5 tissue cultures. 

[0084] The antisense techniques can be used to investigate the role of target allele RNA or 
protein product in developmental events, as well as the normal cellular function of target allele 
products in adult tissue. Such techniques can be utilized in cell culture, but can also be used in 
the creation of transgenic animals. 

10 Triple Helix Suppressor 

[0085] Endogenous target allele gene expression can be reduced by targeting DNA sequences 
complementary to the regulatory region of the target allele (i.e., the target allele promoter and/or 
enhancers) to form triple helical structures that prevent transcription of the target allele in target 
cells in the body (Helene, 1991; Heleneetal., 1992; Maher, 1992). 

15 [0086] Nucleic acid molecules to be used in triple helix formation for the inhibition of 
transcription are preferably single stranded and composed of deoxyribonucleotides. The base 
composition of these oligonucleotides should promote triple helix formation via Hoogsteen base 
pairing rules, which generally require sizable stretches of either purines or pyrimidines to be 
present on one strand of a duplex. Nucleotide sequences may be pyrimidine-based, which will 

20 result in TAT and CGC triplets across the three associated strands of the resulting triple helix. 
The pyrimidine-rich molecules provide base complementarity to a purine-rich region of a single 
strand of the duplex in a parallel orientation to that strand. In addition, nucleic acid molecules 
may be chosen that are purine-rich, for example, containing a stretch of G residues. These 
molecules will form a triple helix with a DNA duplex that is rich in GC pairs, in which the 

25 majority of the purine residues are located on a single strand of the targeted duplex, resulting in 
CGC triplets across the three strands in the triplex. 

[0087] Alternatively, the potential sequences that can be targeted for triple helix formation 
may be increased by creating a so called "switchback" nucleic acid molecule. Switchback 
molecules are synthesized in an alternating 5-3', 3' -5' manner, such that they base pair with first 
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one strand of a duplex and then the other, eliminating the necessity for a sizable stretch of either 
purines or pyrimidines to be present on one strand of a duplex. Alternatively, other suppression 
effectors such as double stranded RNA could be used for suppression. 

[0088] Antisense RNA and DNA, ribozyme, and triple helix molecules of the invention may 
5 be prepared by any method known in the art for the synthesis of DNA and RNA molecules. 
These include techniques for chemically synthesizing oligodeoxyribonucleotides and 
oligoribonucleotides well known in the art such as for example solid phase phosphoramidite 
chemical synthesis. Oligonucleotides of the invention may be synthesized by standard methods 
known in the art, e.g. by use of an automated DNA synthesizer (such as are commercially 
10 available from Biosearch, Applied Biosystems, etc.). As examples, phosphorothioate 

oligonucleotides may be synthesized by the method of Stein et al., 1 988, methylphosphonate 
oligonucleotides can be prepared by use of controlled pore glass polymer supports (Sarin et al., 
1988). 

[0089] Alternatively, RNA molecules may be generated by in vitro and in vivo transcription 
1 5 of DNA sequences encoding the antisense RNA molecule. Such DNA sequences may be 
incorporated into a wide variety of vectors which incorporate suitable RNA polymerase 
promoters such as the T7 or SP6 polymerase promoters. Alternatively, antisense cDNA 
constructs that synthesize antisense RNA constitutively or inducibly, depending on the promoter 
used, can be introduced stablely into cell lines. 

20 Hammerhead Ribozvmes of the Invention 

[0090] The invention provides for suppression of a mutant gene in a mutation-independent 
manner by targeting a polymorphism in a gene and providing, if necessary, a replacement gene 
which is a different polymorphic variant, and that is therefore protected either partially or 
completely from suppression. The use of a mutation-independent suppression approach 
25 exploiting polymorphism enables much of the mutational heterogeneity inherent in diseases such 
as OI to be circumvented. Many different agents may be used to suppress gene expression such 
as, for example, antisense RNA and DNA, triple helix DNA, double stranded RNA, peptide 
nucleic acids, ribozymes and so on. 
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[0091] The invention is demonstrated herein by hammerhead ribozymes. Detailed kinetic 
analysis of the cleavage profile of a hammerhead ribozyme under single and multiple turnover 
kinetics provides a clear indication of its efficiency in vitro. While kinetic profiles obtained for 
ribozymes in vitro do not accurately represent the cleavage efficiency that may be achieved in 
5 vivo, such studies can provide a broad indication as to potential in vivo efficiencies (Birikh et al., 
1997). For this reason a detailed kinetic profile for a hammerhead ribozyme targeting the 
COL1 Al transcript has been developed and is presented below in Example 2. 

[0092] Hammerhead ribozyme RzPolColl Al has its cleavage site at a common (2pq = 0.4; 
Millington-Ward et al., 1999) intragenic polymorphic site (CUC3210CCC; Weterhausen et al., 
10 1990) enabling generation of a replacement gene with the alternate polymorphic sequence but 
which nevertheless codes for wild-type or functional COL1 Al protein. Transcripts from 
replacement genes escape ribozyme cleavage due to the absence of the ribozyme cleavage site 
and therefore can be translated to provide wild-type or functional protein. A detailed kinetic 
profile of RzPolColl Al targeting the human COL1 Al transcript is provided. 

15 Ribozyme kinetics 

[0093] Kinetic profiles of ribozymes in vitro can be used as broad predictors of potential 
efficiencies in vivo (Birikh et al., 1997). As the cellular milieu has been demonstrated in some 
cases not to differentially alter the activity of ribozymes tested in vitro when used in vivo 
(Chowrira et al., 1994), it is instructive to assess kinetic behaviour of ribozymes by developing 

20 kinetic models of catalytic activity in vitro prior to evaluation in cell-culture, animal or plant 
systems. This may aid in prioritizing which of a battery of ribozymes should be evaluated 
initially in vivo. Ribozymes, like their protein counterparts, may follow Michaelis-Menten 
kinetic regimes (Fedor and Uhlenbeck, 1992; Hendry et al., 1997). A kinetic description for one 
turnover of a hammerhead ribozyme reaction involves (a) binding of the ribozyme and substrate 

25 to form a ribozyme-substrate complex, (b) cleavage of the phosphodiester backbone of substrate 
RNA to produce ribozyme bound 5' and 3* products and (c) two pathways for dissociation of 
product RNA thereby releasing free ribozyme for rebinding to intact substrate (Hertel et al., 
1994). 
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Kinetic pathway for a hammerhead ribozvme 
k\ ki 

Rz + S RzS RzPlP2 Rz + PI + P2 
5 L\ k.2 

Rz = ribozyme S = substrate RNA RzS = Ribozyme-Substrate complex 
PI = Cleavage product 1 P2 = Cleavage product 2 

10 [0094] Each step in this pathway, in both forward and reverse direction, is defined by a 
measurable elemental rate constant (ki, k 2 , lei, k_ 2 ). Therefore, by varying the relative molar 
concentrations of ribozyme and substrate under suitable experimental conditions (typically 
lOmM MgCh, pH 7.5 and 37°C), the catalytic pathway for the ribozyme can be evaluated into 
individual components and the kinetic constant corresponding to each step determined. For 

15 instance, single-turnover experiments are carried out in conditions where a saturating excess of 
ribozyme has bound to the substrate. Experimentally, by preannealing large excesses of 
radioactively labelled ribozyme to substrate, all substrate molecules become bound by ribozyme. 
The cleavage reaction is then initiated by the addition of MgC^ and the half-life of substrate 
RNA, ti/2, and the rate constant for the cleavage reaction, k 2i can be directly measured (see 

20 section on methods and results for details). 

[0095] In contrast to single-turnover kinetics, multiple-turnover cleavage reactions may be 
carried out to determine the ribozyme's ability to function as a true re-cycling catalyst. In this 
case, reactions are performed under conditions of substrate excess and as ribozymes follow 
Michaelis-Menten kinetic regimes (Fedor and Uhlenbeck, 1992), kinetic parameters such as the 
25 maximum rate of cleavage (K max ) and the Michaelis constant (K m ) can be determined. K m 
resembles a dissociation constant in that it has dimensions of concentration and specifies the 
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relative concentration of free enzyme, free substrate and enzyme-substrate complex under steady- 
state conditions. In practical terms, it may be viewed as a measure of the affinity of ribozyme for 
substrate RNA (Cornish-Bowden and Wharton, 1 990). 

Mesenchymal progenitor stem cells - a model system for OI therapy 

5 [0096] A possible route of gene therapy for OI may involve removal of cells expressing 
COL1 Al or cells which are the progenitors of COL1 Al expressing cells from bone marrow of a 
patient, ex vivo genetic manipulation of these cells and subsequent re-administration of 
manipulated cells into the patient. Target cells for such a procedure in relation to OI are amongst 
others embryonic stem cells, blood mononuclear cells (MNCS) (See USSN 5,399,346, which is 

10 incorporated herein by reference) and mesenchymal progenitor stem cells (MPCs) (See USSNs 
5,486,359; 5,81 1,094; 6,010,696; 6,030,836 for example, which are incorporated herein by 
reference). These undifferentiated cells are present in bone marrow and give rise to osteoblasts, 
the cell type implicated in OI (Pittenger et al., 1999) as well as other cell types. These cells are 
commercially available from BioWhittaker and are known to be susceptible to retroviral (Allay et 

15 al., 1997) and adenoviral infection (Conget and Minguell, 2000). In addition, donor 

mesenchymal progenitor stem cells have been successfully transplanted into the bone marrow of 
children with OI (Horwitz et al., 1999). Thus mesenchymal progenitor stem cells are a useful 
vehicle for delivery of therapeutic genes to bone marrow of OI patients. An exemplary procedure 
is provided in Example 8. 

20 Gene Suppressor Delivery 

[0097] Many in vitro studies have been undertaken on methods of gene suppression using, 
for example, antisense DNA or RNA, double stranded RNA, PNAs and various types of 
ribozymes. Efficient gene suppressors are then studied either in cell culture or animal models, 
for example, there are two generally accepted methods of introducing ribozymes into cells. The 
25 first is through exogenous delivery of pre-formed ribozymes and the second through endogenous 
delivery, which involves the expression of ribozymes from transcriptional units such as DNA 
plasmids. Endogenous expression has been achieved on many occasions, using plasmids and 
viruses with strong promoters driving ribozyme expression, such as the SV40, CMV, RNA 
polymerase II (polll) and beta-actin, promoters or tissue specific promoters such as the COL1 Al 
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or rhodopsin promoter. To aid delivery of plasmids into target cells, plasmids can be associated 
with non- viral vectors such as lipids and synthetic polymers. 

[0098] Complete silencing of a disease allele may be difficult to achieve using antisense, 
PNA, ribozyme and triple helix approaches or any combination of these. However, small 
5 quantities of mutant gene product may be tolerated in some disorders. In others, a significant 
reduction in the proportion of a mutant gene product to normal product may result in an 
amelioration of disease symptoms. Hence, this strategy may be applied to any dominant or 
polygenic disease in animals where the molecular basis of the disease has been established. In 
addition, the strategy is applicable to modulating infectious disorders. This strategy will enable 

10 the same therapy to be used to treat a range of different disease mutations within the same gene. 
The term "treat" as used herein is intended to encompass curing as well as ameliorating at least 
one symptom of the condition or disease. Likewise, a "therapeutic" is an agent which cures or 
ameliorates at least one symptom of the condition or disease. The invention provides important 
therapies for dominant and polygenic diseases, that circumvent the need for a specific therapy for 

15 every mutation causing or predisposing to a disease. This is particularly relevant in some 
disorders, for example, rhodopsin linked autosomal dominant RP, in which to date about one 
hundred different mutations in the rhodopsin gene have been observed in adRP patients. 
Likewise hundreds of mutations have been identified in the human type I collagenlAl and IA2 
genes in autosomal dominant osteogenesis imperfecta. Costs of developing therapies for each 

20 mutation are prohibitive at present. The present invention uses a general approach for treating 
cells with dominant-negative mutations which cause or predispose to disease pathology or for 
therapy for such diseases. Such general approaches may target the primary defect as described in 
the exemplification. In addition, the methods of the invention can target secondary effects such 
as, for example, apoptosis. Polymorphism has been proposed as a method for suppressing one 

25 allele of a gene(s) whose product(s) is vital to cell viability. This has been proposed particularly 
in relation to treatment of tumors where one allele is absent in tumor cells and therefore 
suppression of the second allele, which is vital for cell viability, may result in induction of tumor 
cell death. Non-tumorous diploid cells should, in principle, remain viable as they should still 
maintain one functioning wild-type allele, even after the suppression therapy has been 

30 administered (D.E. Housman, PCT/US94/08473). 
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[0099] The invention may be applied in gene therapy approaches for biologically important 
polygenic disorders affecting large proportions of the world's populations, such as age-related 
macular degeneration, glaucoma, manic depression, cancers having a familial component and 
indeed many others. Polygenic diseases require inheritance of more than one mutation or 

5 component to give rise to the disease state. Notably an amelioration in disease symptoms may 
require reduction in the presence of only one of these components, that is, suppression of one 
mutant genotype, which together with others leads to the disease phenotype, may be sufficient to 
prevent or ameliorate symptoms of the disease. In some cases suppression of more than one 
component may be required to improve disease symptoms. This invention thus provides 

10 polygenic interventive therapies for common polygenic diseases to suppress a particular 
genotype(s) associated with one or more polymorphisms, thereby suppressing the disease 
phenotype. 

[0100] Practice of the invention will be still more fully understood from the following 
examples, which are presented herein for illustration only and should not be construed as limiting 

15 the invention in any way. Variations and alternate embodiments will be apparent to those of skill 
in the art The contents of all cited references (including literature references, issued patents, 
published patent applications that may be cited throughout this application) are hereby expressly 
incorporated by reference. The practice of the present invention will employ, unless otherwise 
indicated, conventional techniques of molecular biology, cell biology, cell culture, microbiology, 

20 recombinant DNA, and immunology, which are within the skill of the art. Such techniques are 
explained fully in the literature. See, for example, Molecular Cloning A Laboratory Manual, 2nd 
Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring Haibor Laboratory Press: 1989); DNA 
Cloning, Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait ed., 
1984); Mullis et al., U.S. Pat No: 4,683,195; Nucleic Acid Hybridization(B. D. Hames & S. J. 

25 Higgins eds. 1 984); Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); 
Culture Of Animal Cells (R. L Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And 
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the 
treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For 
Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); 

30 Methods In Enzymology, Vols. 1 54 and 1 55 (Wu et al., eds.), the entire contents of which are 
hereby incorporated by reference. 
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Exemplification 

[0101] The present invention is exemplified using three genes: human rhodopsin and human 
collagen 1A1 and 1 A2. The first of these genes is retina specific. In contrast, coilagens 1A1 and 
1A2 are expressed in a range of tissues including skin and bone. While these three genes have 

5 been used as examples, there is no reason why the invention could not be deployed for the 
suppression of individual allelic variants of many other genes in which mutations cause or 
predispose to a deleterious effect. Many examples of mutant genes which give rise to disease 
phenotypes are available from the prior art. Similarly, many polymorphisms have been identified 
in genes in which disease causing or predisposing mutations have been observed - these genes all 

10 represent targets for the invention. Some examplary polymorphisms for use as target alleles of 
the invention are given in Tables 5-1 1 . 

[0102] The present invention is exemplified using hammerhead ribozymes with antisense 
arms to elicit RNA cleavage. There is no reason why other suppression effectors such as 
antisense RNA, antisense DNA, triple helix forming oligonucleotides, PNAs and peptides, 

1 5 directed towards individual polymorphic variants of genes or gene products could not be used to 
achieve gene suppression. Hammerhead ribozymes with antisense arms were used to elicit 
sequence specific cleavage of RNA transcribed from a vector containing one allele of a 
polymorphism and non-cleavage of RNA from a vector containing a different allelic variant of 
the polymorphism. Uncleavable alleles could be used as a replacement nucleic acid, if required, 

20 to restore levels of wild-type protein, thereby preventing pathology due to haplo-insufficiency. 

[0103] In Example 1 , ribozymes were designed to cleave alleles at a single polymorphic site. 
In one example, collagenl A2, two ribozymes were used to target two different polymorphic sites 
located 6 bases apart, often in the same open loop structure in the predicted 2-D conformations of 
the collagenl A2 transcript. One ribozyme targets one allele of the first polymorphism in 

25 collagenlA2 while the second ribozyme targets one allele of the second polymorphism in 

collagenl A2. If necessary, multiple polymorphisms within or close to a gene in the same allele 
could be targeted to achieve efficient and specific suppression of an individual allele. For 
example, naturally occurring polymorphic variants have been observed in the retinal specific 
genes encoding the photoreceptor proteins rhodopsin and peripherin (Table 1). Although these 

30 do not occur at appropriate ribozyme cleavage sites (i.e., NUX sites in RNA open loop 
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structures) approaches such as, for example, antisense, triplex helix or antibodies could be 
utilized to achieve suppression of single alleles carrying disease mutations while enabling 
continued expression from alternative allelic forms of the gene with wild-type sequence, using 
these or other polymorphisms. Further sequencing of the introns of these retinal genes may 
5 reveal other appropriate polymorphic target sites for ribozymes. Furthermore and artificially 
created polymorphism in the rhodopsin gene has been used to demonstrated the invention. Such 
artificial polymorphisms may be used alone or in concert with naturally occurring 
polymorphisms to minimize suppression in replacement genes. 

[0104] The invention is exemplified using suppression effectors directed to target single 
10 allelic variants of human rhodopsin and human collagens 1A1 and 1A2 genes or transcripts, 

targeting polymorphic sites in coding or 3 ' untranslated regions of their transcripts. There is no 
reason why polymorphisms in other transcribed but untranslated regions of genes or in introns or 
in regions involved in the control of gene expression, such as promoter regions, or in regions 
adjacent to a gene or any combination of these could not be used to achieve gene suppression. 
15 Suppression targeted to any polymorphism within or close to a gene may allow selective 
suppression of one allele of the gene carrying a deleterious mutation while maintaining 
expression of the other allele. Multiple suppression effectors, for example shotgun ribozymes, 
could be used to optimise efficiency of suppression if necessary. Additionally, when required, 
expression of a replacement nucleic acid comprising an allelic variant sequence different from 
20 the sequence to which suppression effectors) are targeted may be used to restore levels of wild- 
type gene product. 

[010S] Human rhodopsin and human collagen 1A1 and 1A2 cDNA clones representing 
specific polymorphic variants of these genes were transcribed in vitro. Ribozymes targeting 
specific alleles of the human rhodopsin and collagen 1A1 and 1A2 cDNAs were also expressed in 

25 vitro. cDNA clones were cut with various restriction enzymes resulting in the production of 
differently sized transcripts after expression. This aided in differentiating between RNAs 
expressed from cDNAs representing different alleles of polymorphisms in rhodopsin and 
collagen 1A1 and 1 A2. Restriction enzymes used to cut each clone, sizes of resulting transcripts 
and predicted sizes of products after cleavage by target ribozymes are given below in Table 3. 

30 Exact sizes of expression products may vary by a few bases from that estimated, as there is some 
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ambiguity about the specific base at which transcription starts (using the T7 promoter) in 
pcDNA3. 

Example 1: Cleavage of Wild-Type fUnmutated^ and Mutated Rhodopsin and collagen 1A1 and 
1 A2 RNA bv Ribozvmes 

5 [0106] cDNA templates and ribozyme DNA fragments were cloned into commercial 

expression vectors (pcDNA3, Invitrogen; pZeoSV, Invitrogen; or pBluescript, Stratagene) which 
enabled expression in vitro from T7, T3 or SP6 promoters or expression in cells from CMV or 
SV40 promoters. DNA inserts were placed into the multiple cloning site (MCS) of these vectors 
typically at or near the terminal ends of the MCS to delete most of the MCS and therrfjy prevent 

10 any possible problems with efficiency of expression subsequent to cloning. Clones containing 
template cDNAs and ribozymes were sequenced by an automated sequencing machine (Applied 
BioSystems, 373A DNA Sequence), using standard protocols. 

[01071 RNA was obtained from clones in vitro using a commercially available Ribomax 
expression system (Promega) and standard protocols. RNA purifications were undertaken using 

15 the Bio-101 RNA purification kit or a solution of 0.3M sodium acetate and 0.2% SDS after 
running on 4%-8% polyacrylamide gels. Cleavage reactions were performed using 
approximately 30-80nM target RNA and over up to 1000-fold more ribozyme, using standard 
ribozyme protocols with 5mM Tris-HCl pH8.0 and varying MgCh concentrations (0-1 5mM) at 
37 °C, typically for 3 hours. Time points were performed at the predetermined optimal MgC^ 

20 concentrations for up to 5 hours. Radioactively labeled RNA products were obtained by 
incorporating a-P 32 rUTP (Amersham) in the expression reactions (Gaughan et ah, 1995). 
Labeled RNA products were run on polyacrylamide gels before cleavage reactions were 
undertaken for the purposes of RNA purification and subsequent to cleavage reactions to 
establish if RNA cleavage had been achieved. 

25 [0108] Predictions of the secondary structures of human rhodopsin and human collagens 1A1 
and 1 A2 mRNAs were obtained using the RNAP 1 otFold program (Wisconsin Package, Version 
10.0, Genetics Computer Group (GCG), Madison Wisconsin). Though the program can predict 
likely secondary structures for a given RNA target sequence, it cannot absolutely predict the 
likelihood of success or failure of a ribozyme directed at a certain region in that RNA molecule. 

30 Ribozymes and antisense were designed to target areas of the RNA that were predicted to be 
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accessible to suppression effectors according to criteria known those skilled in the art of RNA 
structure or ribozymes. The integrity and robustness of open loop structures was evaluated from 
the 10 most probable RNA structures. Additionally, RNA structures for truncated RNA products 
were generated and the integrity of open loops between full length and truncated RNAs was 
5 compared, RNA structures for 6 mutant rhodopsin transcripts were generated and the open loop 
structures targeted by ribozymes compared between mutant transcripts (Table 1). 

[0109] The human rhodopsin cDNA (SEQ ID NO: 1) was cloned into the Hindlll and EcoRI 
sites of the MCS of pcDN A3 in a 5 ' to 3 • orientation allowing subsequent expression of RNA 
from the T7 or CMV promoters in the vector. The full length rhodopsin 5'UTR sequence was 
10 inserted into this clone using primer driven PGR mutagenesis and a Hindlll (in pcDNA3) to 
BstEII (in the coding sequence of the human rhodopsin cDNA) DNA fragment 

[0110] Briefly, PCR directed mutagenesis was performed as follows. The general protocol 
involves three PCR reactions (PCR1 , PCR2 and PCR3). In the case of mutagenizing rhodopsin 
for example, PCR1 amplifies the sequence between the Hindm site (5' in the MCS of the vector 

15 pcDNA3) and the site where one desires to introduce a mutation. The reverse primer has a base 
change at the site where the mutation is being introduced, so that PCR1 products contain an 
altered base. PCR2 amplifies the DNA between the site of mutagenesis and the BstEII site which 
is present in the rhodopsin cDNA. However, the forward primer for this PCR has a sequence 
alteration at the site where the mutation is being introduced. PCR2 products therefore also 

20 contain an altered base at this site. The PCR1 and PCR2 were runonal % agarose gel and the 
amplification products were isolated from the gel using columns such as Genelute Agarose Spin 
columns (Sigma) or an Agarose Gel Gene Extraction kit (Boerhinger Mannheim). The resulting 
DNA amplified products are used in a third PCR reaction which amplified the whole region 
between the Hindlll and BstEII sites. Resulting amplifications contained the altered bases. 

25 Amplification product were digested with Hindin and BstEII and cloned into the Hindlll and 
BstEII sites of a pcDNA3 clone containing the full length rhodopsin cDNA which was also 
digested with Hindlll and BstEII. Table 2 lists the primers used for mutagenesis in Example 1 . 
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Table2 



Primer 


Rhodopsin (5'>3') 


SEQ ID NO 


Forward over HindDI site 


ACCCAAGCTTAGAGTCATCC 


2 


Reverse over BstED site 


ACCATGCGGGTGACCTCCTT 


3 


Forward over mutation site 


ATCGTGCTGGTCTTCCCCAT 


4 


Reverse over mutation site 


ATGGGGAAGAC CAGCACG AT 


5 








Primer 


CoUagen 1A2 (5*>3>) 




Forward 


CAGAGATGGTGAAGATGGT 


6 


Reverse 


AGTCCTCTGGCACCAGTAGC 


7 


Forward mutagenesis 


TAACGCTGGTCCTACTGGACCCG 


8 


Reverse mutagenesis 


CGGGTCCAGTAGGACCAGCGTTA 


9 








Primer 


CoUagen 1A1 (5'>3') 




Forward 


AGTCACACCGGAGCCTGGGG 


10 


Reverse 


GGTAAGGTTGAATGCACTTTTG 


11 



[0111] In the case of collagen 1 Al, no mutagenesis was carried out as both versions of the 
3210 polymorphic site (3210C and 3210T) were found in human DNA samples from CEPH 

5 (Centre d'Etude du Polymorphisme Humain (CEPH) in Paris; Dausset et al. (1990) Genomics 
6:575-577) panel DNA. Twelve random DNAs from unrelated individuals from the CEPH panel 
where sequenced over the 3210 polymorphic site and two DNA samples with T7T and C/C 
genotypes identified. A small region of 371bp over the polymorphic site was amplified from 
these people using primers in Table 2 with SEQ ID NO:10 and SEQ ID NO:l 1 and cloned from 

10 each of the samples. 

[0112] The human rhodopsin hybrid cDNA with a single base alteration, (a C-->G change at 
position 477) was introduced into human rhodopsin cDNA using a Hindlll to BstEII PCR 
cassette by primer directed PCR mutagenesis according to the standard method described above. 
Primers used for mutagenesis were the following (Table 2): PCR1 used SEQ ID NO:2 and SEQ 
1 5 ID NO:5 , PCR2 used SEQ ID NO:4 and SEQ ID NO:3 and PCR3 used SEQ ID NO:2 and SEQ 
ID NO:3. This artificial polymorphism occurs at a silent position, i.e., it does not give rise to an 
amino acid substitution, however the C > G change eliminates the ribozyme cleavage site (i.e., 
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GUX ~> GUG). The hybrid rhodopsin (also referred herein as ''mutated rhodopsin") (SEQ ID 
NO: 12) was cloned into pcDNA3 in a 5' to 3 'orientation allowing subsequent expression of 
RNA from the T7 or CMV promoters in the vector. 

[0113] A human rhodopsin adRP mutation, a single base alteration (a C-->T change at codon 
5 23) was introduced into human rhodopsin cDNA using a Hindm to BstEH PCR cassette by 
primer directed PCR mutagenesis according to the standard method described above. This 
sequence change results in the substitution of a leucine for a proline residue ("Pro23Leu") 
(position 88 in sequence listing). Additionally, the nucleotide change (CCC-->CTC) creates a 
ribozyme cleavage site. The mutated rhodopsin (SEQ ID NO: 13) was cloned into the Hindm 
10 and EcoRI sites of pcDNA3 in a 5* to 3' orientation allowing subsequent expression of RNA 
from the T7 or CMV promoters in the vector. 

[0114] A hammerhead ribozyme (termed RzlO) (SEQ ID NO:14), designed to target a large 
open loop structure in the RNA from the coding regions of the wild-type gene, was synthesized, 
annealed and cloned into the Hindm and Xbal sites of pcDNA3, allowing expression of RNA 

15 from the T7 or CMV promoters in the vector. NB: There is a one base mismatch in one of the 
antisense arms of RzlO. The target site was GUC (the NUX rule) at position 322-324 of SEQ ID 
NO: 1 . A hammerhead ribozyme (termed Rz20) (SEQ ID NO: 1 5), designed to target an open 
loop structure in RNA from the coding region of a rhodopsin gene with a Pro23Leu mutation, 
was synthesized, annealed and cloned into the Hindm and Xbal sites of pcDNA3 again allowing 

20 expression of RNA from the T7 or CMV promoters in the vector. The target site was CTC (the 
NUX rule) at codon 23 of the human rhodopsin sequence (position 88 of SEQ ID NO: 13) 
(Accession number: K02281). The antisense flanking sequence of RzlO and Rz20 are 
underlined. 



25 



RzlO: GGTCGGT CTGATGAGTCCGTGAGGACGA AACGTAGAG 
Rz20: TACTCGAACTGATGAGTCCGTGAGGACGAAAGGCTGC 



(SEQIDNO:14) 
(SEQ ID NO: 15) 
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[0115] Briefly, ribozyme cDNAs were prepared as follows. Sense and antisense ribozyme 
oligonucleotides were synthesized by commercial companies (either VHBio or Genesys). 
Ribozyme oligonucleotides were designed and synthesized to contain a Hindlll site at the 5' end 
of the ribozyme and an Xbal site at the 3* end of the ribozyme. Equal amounts of the sense and 

5 antisense ribozyme oligonucleotides were combined in an eppendorf tube with 1 ^il of 1M NaCl. 
H2O was added to a final volume of 40j.il. The eppendorf tube was heated to 94 °C for 3 minutes 
and left overnight at room temperature to anneal the sense strand to the antisense strand. 
Annealed ribozyme was digested with Hindlll and Xbal and cloned into the Hindm and Xbal 
sites of expression vector pcDNA3 (Invitrogen) using a ligation kit (Stratagene) and the 

10 manufacturers protocols. Ligations were transformed into XL1 blue MRA cells using standard 
protocols in the art. Resulting clones were selected with Ampicillin, picked and grown in bulk 
using standard procedures. Plasmid DNA was isolated using standard procedures and sequenced 
in an automated sequencing machine (ABI). 

[0116] A section of the human collagen 1A1 cDNA was cloned from genomic DNA from two 
15 individuals with the T/T and the C/C genotype into the Hindm and Xbal sites of pcDNA3 
according to the standard method described above (Table 2). The clones were in a 5 9 to 3 ' 
orientation allowing subsequent expression of RNA from the T7 or CMV promoters in the 
vector. The clones contain the collagen 1 Al sequence from position 2977 to 3347 (Accession 
number: K01228) (2977 to 3347 of SEQ ID NO: 16). Clones containing allele A (position 233 of 
20 SEQ ID NO: 1 7) and allele B (nucleotide 233 of SEQ ID NO:l 8) of a naturally occurring 

polymorphism in the 3'UTR (Westerhausen et al., 1990) were identified by sequence analysis 
according to standard methods. Allele A has a T at position 3210 (position 233 of SEQ ID 
NO:17) and allele B has a C at position 3210 (position 233 of SEQ ID NO: 1 8). 

[0117] A hammerhead ribozyme (termed RzPo 1 Col 1 Al) (SEQ ID NO: 1 9) designed to 
25 target a large open loop structure (as determined from the ten most probable 2-D structures) in 
the RNA from the 3'UTR of the type I collagen 1 Al gene was synthesized and cloned into the 
Hind in and Xbal sites of pcDNA3 according to the standard method described above, again 
allowing subsequent expression of RNA from the T7 or CMV promoters in the vector. The 
ribozyme target site was a GUX site at position 3209-321 1 of the human collagen 1A1 sequence 
30 (Accession number: K01 228) (nucleotide 3209 to 32 1 1 of SEQ ID NO: 1 6). The antisense 
flanking sequences of RzPolColl Al are underlined. 
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RzPol Col 1 Al : TGGCTTTT CTGATGAGTCCGTGAGGACGAA AGGGGGT (SEQ ID 
NO:19) 

5 [0118J A human type 1 collagen 1A2 cDNA was obtained from the ATCC (Accession No: 
Y00724) (SEQ ID NO:20). Two naturally occurring polymorphisms have previously been found 
in collagen 1 A2, one at position 902 involving a G~ >A and one at 907 involving a T->A 
nucleotide change, respectively (Filie et al., 1 993). Both polymorphisms occur often in the same 
predicted open loop structure of human collagen 1 A2 RNA. Polymorphic variants of human 

10 collagen 1 A2 were generated by PCR directed mutagenesis using a HindlD to Xbal PCR cassette 
according to the standard method described above (Table 2). Primers used for PCR1 were SEQ 
ID NO:6 and SEQ ID NO:9. Primers used for PCR2 were SEQ ID NO:8 and SEQ ID NO:7 and 
primers used for PCR3 were SEQ ID NO:6 and SEQ ID NO:7 (Table 2). Resulting clones 
contained the following polymorphisms: collagenl A2 (A) has a G nucleotide at position 902 and 

15 a T nucleotide at position 907 (nucleotide 674 and 679 of SEQ ID NO:21, respectively). In 
contrast, human collagenl A2 (B) has A nucleotides at both positions 902 and 907 (nucleotide 
674 and 679 of SEQ ID NO:22). The site at 902 creates a ribozyme target site in collagenl A2 
(B), that is an NUX site (900-902), but is not a ribozyme target site in collagenl A2 (A), in that it 
breaks the NUX rule - it has a G nucleotide in the X position. In contrast, in collagenl A2 (A) 

20 there is a ribozyme target site at position 907, that is a GTC site (906-908) however this site is 
lost in collagenl A2 (B) the sequence is altered to GAC (906-908), thereby disrupting the 
ribozyme target site. 

10119) Hammerhead ribozymes (termed Rz902 and Rz907) were designed to target a 
predicted open loop structures in the RNA from the coding region of polymorphic variants of the 

25 human collagenlA2 gene. Rz902 (SEQ ID NO:23) and Rz907 (SEQ ID NO:24) oligonucleotides 
were synthesized, annealed and cloned into the Hindm and Xbal sites of pcDNA3, allowing 
subsequent expression of RNA from the T7 or CMV promoters in the vector. The target sites 
were NUX sites at positions 900-902 and 906-908 ofthe human type 1 collagen 1A2 sequence 
(Accession number: Y00724), respectively. The antisense flanking sequences of Rz902 and 

30 Rz907 are underlined. 
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Rz902: GGTCCAG CTGATGAGTCCGTGAGGACGAA AGGACCA (SEQ ID NO:23) 
Rz907: CGGCGGCTGATGAGTCCGTGAGGACGAA ACCAGCA (SEQ ID NO:24) 

5 [0120] The plasmid pBR322 was cut with Mspl, radioactively labeled and run on a 

polyacrylamide gel to enable separation of the resulting DNA fragments. This digestion gave 
DNA sizes of 76, 90, 1 10, 123, 147, 160, 180, 190, 201, 217, 238, 242, 307, 404, 527 and 622 
base pairs. This DNA ladder was then used on subsequent polyacrylamide gels (4-8%) to 
provide an estimate of the size of the RNA products run on the gels. Though the mobility of 

10 DNA and RNA of the same length may vary depending on the percentage of polyacrylamide and 
the gel running conditions, the markers provide an estimate of the size of transcripts. 

[0121] The unmutated wild-type human rhodopsin cDNA was expressed by in vitro 
transcription from the T7 promoter to the BstEII site in the rhodopsin coding sequence. 
Resulting RNA was mixed with RzlO RNA in ISrnM magnesium chloride and incubated at 37°C 
15 for 0, 1, 2 and 3 hours. Sizes of the expressed RNAs and cleavage products were as predicted 
(Table 3). Complete cleavage of human rhodopsin RNA was obtained, with a less than 5% 
residual amount of intact RNA present at 1 hour. 

[0122J The mutated human rhodopsin cDNA Avas expressed from the T7 promoter to the 
BstEII site in the coding sequence. Resulting RNA was mixed with RzlO and 0, 5, 10 and 15 
20 mM magnesium chloride and incubated at 37°C for 3 hours. The mutated rhodopsin transcripts 
with an artificial polymorphism were not cleaved by Rzl 0. Cleavage of mutated transcripts 
would have resulted in cleavage products of 564 bases and 287 bases, which were not present on 
the gel. 

[0123] The unmutated human rhodopsin cDN A was expressed from the T7 promoter to the 
25 Fspl site in the coding sequence. The mutated human rhodopsin cDNA was expressed from the 
T7 promoter to the BstEII site in the coding sequence. Both rhodopsin RNAs were mixed 
together with RzlO and 15mM magnesium chloride and incubated at 37°C for 0, 1 , 2 and 3 
hours. The smaller unmutated rhodopsin transcripts were cleaved by RzlO while the larger 
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mutated transcripts were not cleaved (i.e., were protected from cleavage) by RzlO. Cleavage of 
mutated protected transcripts would have resulted in products of 564 bases and 287 bases. The 
564 base product was not present. The 287 base product is also generated by cleavage of the 
unmutated human rhodopsin transcripts and hence is present. After 3 hours over 90% of the 
5 unmutated rhodopsin transcripts was cleaved by Rz 1 0. 

[0124] Unmutated and mutated human rhodopsin cDN As were expressed from the T7 
promoter to the Acyl site downstream of the coding sequence and the BstEII site in the coding 
sequence, respectively. Sizes of expressed RNAs and cleavage products were as predicted 
(Table 3). Resulting RNAs were mixed together with RzlO RNA 0, 5, 10 and 15 mM MgCl 2 
10 and incubated at 37°C for 3 hours. Almost complete cleavage of the larger unmutated human 
rhodopsin RNA was obtained with a small residual amount of less than 10% of intact RNA 
present at 5 mM MgCl 2 . In contrast, the mutated human rhodopsin RNA remained intact. 

[01251 The mutant (Pro23Leu) human rhodopsin cDNA was expressed from the T7 promoter 
to the BstEII site in the coding sequence. Likewise, the Rz20 clone was expressed to the Xbal 
15 site. Resulting RNAs were mixed together with 5mM magnesium chloride concentrations at 
37°C for 0, 0.5, 1 , 2 and 5 hours. Sizes of expressed RNAs and cleavage products were as 
predicted (Table 3). Almost complete cleavage of mutant rhodopsin transcripts was obtained 
with a residual amount less than 5% of intact RNA left even after 5 hours. 

[0126] The mutant (Pro23Leu) human rhodopsin cDNA was expressed from the T7 promoter 
20 to the BstEII site in the coding sequence. Likewise, the Rzl 0 clone was expressed to the Xbal 
site. Resulting RNAs were mixed together in 1 OmM magnesium chloride at 37°C for 0, 0.5, 1 , 2 
and 5 hours. Sizes of expressed RNAs and cleavage products were as predicted (Table 3). 
Almost complete cleavage of mutant rhodopsin RNA was obtained with a residual amount less 
than 5% of intact RNA remaining even after 5 hours. 

25 [0127] The human collagen 1A1 cDN A containing the T allele of the polymorphism at 32 1 0 
was expressed from the T7 promoter to the Xbal site in the vector. Resulting RNA was mixed 
together with RzPolCol 1 Al in 0, 5, 10, 15 mM MgCl 2 and incubated at 37°C for 3 hours. 
RNA transcripts were cleaved efficiently by RzPolCollAl - a residual amount less than 2% of 
RNA remained at 5mM MgCl 2 . 
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[0128] The human collagen 1A1 cDNA containing the C allele of the polymorphism at 
position 3210 was expressed from the T7 promoter to the Xbal site in the vector. Resulting RNA 
was mixed together with RzPolCollAl in 0, 5, 10, 15 mMMgCh and incubated at 37°C for 3 
hours. RNA transcripts were not cleaved by RzPol Col 1 Al - RNA remained intact over the 
5 range of MgCl 2 concentrations. 

[0129] The human collagen 1A1 cDNA containing the T allele of the polymorphism at 
position 3210 was expressed from the T7 promoter to the Xbal site in the vector. Resulting RNA 
was mixed together with RzPolCol 1 Al in 5mM magnesium chloride and incubated at 37°C for 
0, 0.5, 1 , 2, and 5 hours. Transcripts were cleaved by RzPolCollAl immediately upon addition of 
10 MgCl 2 . 

[0130] The human collagen IA1 cDNA containing the C allele of the polymorphism at 
position 3210 was expressed from the T7 promoter to the Xbal site in the vector. Resulting RNA 
was mixed together with RzPolCol 1A1 in 5mM magnesium chloride and incubated at 37°C for 
0, 0.5, 1, 2, and 5 hours. RNA transcripts were not cleaved by RzPolCol 1 Al even after 5 hours 
15 - no cleavage products were observed on the gel. 

[0131] The human collagen 1A2 cDNAs containing the A (B clone) and T (A clone) alleles of 
the polymorphism at position 907 were expressed from the T7 promoter to the Mvnl and Xbal 
sites in the insert and vector, respectively. Resulting RN As were mixed together with Rz907 in 
0, 5, and 10 mM MgCh and incubated at 37°C for 3 hours. RNA transcripts from the T allele 
20 containing the 907 target site were cleaved by Rz907 upon addition of divalent ions - cleavage 
was obtained at lOmM MgCh with aresidual amount less than about 10% of transcript from the 
T allele remaining. In contrast, transcripts expressed from the A allele (which are smaller in size 
to distinguish between the A (Mvnl) and T (Xbal) alleles) were not cleaved by Rz907 - no 
cleavage products were observed. 

25 [0132] The human collagen 1A2 cDNAs (B) + (A) clones containing the A and T alleles of 
the polymorphism at position 907, respectively, were expressed from the T7 promoter to the 
Mvnl and Xbal sites in the insert and vector, respectively. Resulting RNAs were mixed together 
with Rz907 and lOmM magnesium chloride and incubated at 37°C for 0, 0.25, 0.5, 1, 2, and 5 
hours. RNA transcripts from the T allele containing the position 907 target site were cleaved by 

30 Rz907 - complete cleavage was obtained after 4 hours. In contrast transcripts expressed from the 
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A allele (which are smaller in size to distinguish between the A (Mvnl) and T (Xbal) alleles) 
were not cleaved by Rz907 - no cleavage products were observed. 

[0133] The human collagen 1A2 cDNA (A) and (B) clones containing the G and A alleles of 
the polymorphism at position 902, respectively, were expressed from the T7 promoter to the 

5 Mvnl and Xbal sites in the insert and vector respectively. Resulting RNAs were mixed together 
with Rz902 in 0, 5, 10 and 15 mM MgCh and incubated at 37°C for 3 hours. RNA transcripts 
from the B clone containing the 902 target site are cleaved by Rz902 upon addition of divalent 
ions - the cleavage obtained with Rz902 is not very efficient (about 10% cleavage in all samples 
after 3 hours). In contrast transcripts expressed from the O allele (which are smaller in size to 

10 distinguish between the G (Mvnl) and the A (Xbal) alleles) were not cleaved at all by Rz902 - no 
cleavage products were observed. 



[0134] Table 3 





Restriction Enzyme 


Estimated 
RNA Size 


Cleavage Products 










Human rhodopsin 


BstED 


-851 bases 


287+564 bases (RzlO) 




Acyl 


-1183bases 


287+896 bases (RzlO) 




Fspl 


~309bases 


287+22 bases (RzlO) 










Human rhodopsin 

artificial 

polymorphism 


BstEH 


-851 bases 




Human rhodopsin 
Pro-Leu 


BstEII 


-851bases 


1 70+68 l(Rz20) 


Human rhodopsin 
Pro-Leu 


BstEH 


-851 bases 


287+564 (RzlO) 


RzlO 


Xbal 


-52bases 




Rz20 


Xbal 


-52bases 






Human Collagen 
1A1 (A) T Allele 


Xbal 


~*381bases 


245+1 36bases 
(RzPolCol 1A1) 


Human Collagen 
1A1 (B) C Allele 


Xbal 


-381 bases 




RzPolCol 1A1 


Xbal 


~52bases 






Human Collagen 
1A2 (A) G@902 
T®907 


Xbal 


-888bases 


689+1 99bases (Rz907) 
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Human Collagen 
1A2 (B) A@902 
A@907 


Mvnl 


~837bases 




Human Collagen 
1A2(A) 


Mvnl 


~837bases 




Human Collagen 
1A2(B) 


Xbal 


~888bases 


683+205bases (Rz902) 


Rz902 


Xbal 


~52bases 




Rz907 


Xbal 


~52bases 






L (RNA sizes are estimates) 



Example 2: Kinetic Analysis of the RzPolColl Al Ribozvme 

[0135] The embodiment exemplified in Example 1 relates to the specific suppression of 
alleles at polymorphic sites in genes with mutations which exert dominant negative or deleterious 

5 effect(s) (gain of function mutations). By not suppressing mutant alleles at mutation sites but at 
polymorphic sites some of the enormous genetic heterogeneity (situations where many different 
mutations within one gene giving rise to a similar disease pathology), associated with many 
diseases may be circumvented and the same method utilizing suppression and replacement used 
in cells of patients with different mutations in one gene. Thus a DNA or RNA sequence 

10 containing a known polymorphism that is on the same allele as one or more mutations in or 
around a gene is chosen as the target site of a suppression effector. The invention may be 
utilized as diagrammatically represented in Figure 1 A and IB. 

{0136] In one embodiment, patients may be homozygous at a polymorphic site; that is, both 
the mutated allele and the wild-type allele have the same polymorphic variant at the site of 

15 suppression. Thus, the suppressor will suppress both the mutant and wild-type alleles. In rare 
instances, patients may be homozygous at a polymorphic site and also have the same mutation or 
different mutations present on both alleles in cells of such patients. In either case, suppression 
can be combined with a replacement step in which a replacement nucleic acid with an alternative 
polymorphic variant, which is not suppressed or is partially suppressed, is administered (Figure 

20 1A). 
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[0137] In another embodiment, patients may be heterozygous for a genetic polymorphism. In 
this situation the suppressing agent is targeted only to the polymorphic variant which is present 
on the same allele as the mutation. The suppressor will then selectively suppress the mutant 
allele at the polymorphic site and not suppress the wild-type allele, or suppress it less efficiently. 
5 To address situations where some disease pathology is associated with reductions in levels of 
wild-type protein (Le., haploinsufficiency) a replacement gene with the polymorphic variant that 
is protected or partially protected from suppression will be administered (Figure IB). In some 
disorders the mechanism of disease pathology may be a function of both the reduction of wild- 
type protein and the presence of mutant protein. For example, in the case of 01, some collagen 
10 mutations cause a mild form of the disease due to haploinsufficiency (type 1 OI) while gain of 
function mutations result in more severe forms of the disease (types II-IV). Thus, in addition to 
suppressing a mutant allele, one may need to administer a wild-type allele to cells of OI patients. 

[01381 The invention is exemplified below using a hammerhead ribozyme as a suppression 
agent. However, other suppressors such as antisense DNA or RNA, triple helix forming nucleic 
15 acids, double stranded RNA and PNAs may also be used. Though the exemplification provided 
herein is directed at OI, any mutant gene or genes with a dominant negative or deleterious effect, 
may be addressed using the allele suppression and replacement method of the invention. 

(0139] The allele suppression and replacement methods of the invention have been 
exemplified with the hammerhead ribozyme, RzPolCollAl, which targets the COL1 Al 

20 transcript at a common polymorphic site (T3210C). RzPolCollAl cleaves COL1A1 transcripts 
with a T at position 3210 (T-allele), but not COL1 Al transcripts with a C at position 3210 (C- 
allele). The 3210 polymorphism is extremely common; 2pq = 0.4 (p (T) = 0.7; q (C) = 0.3 
(Millington-Ward et al., 1999). Therefore, it is estimated that 20% of OI patients will have the 
cleavable T at position 32 1 0 of COL1 Al on the same allele as the mutation and a non-cleavable 

25 C on the other allele (Figure 1 A). In addition, 50% of OI patients will be homozygous for T at 
position 3210. It is therefore estimated that cells of about 70% of OI patients with dominant 
negative mutations in the COL1 Al gene could be treated with a single therapeutic agent 
(RzPolCOLl Al), and a replacement gene with a C at position 3210. The efficiency of T-allele 
cleavage by RzPolCollAl was assessed in vitro and RzPolCollAl was deemed to be highly 

30 efficient. In addition a method of protecting RzPolCollAl from nucleases was tested in vitro. 



WO 03/048362 



PCT/GB02/05417 



-53 - 

[0140] Oligonucleotides encoding the sense and antisense strands of RzPolColl Al were 
synthesized commercially as described above, purified, denatured and annealed in 25mM NaCl 
overnight, according to standard methods as described in Example 1 . Annealed primers were cut 
with Xbal and HindlH and were then cloned into the Xbal and Hindlll sites of pcDNA3. The 

5 RzPolColl Al clone was cut with Xbal and transcribed in vitro using the T7 promoter in the 
vector with the incorporation of radioactively labeled 32 P adUTP (Amereham). A 371bp target 
Coll Al transcript (positions 2977-3347) was cloned into pcDNA3 and transcribed in vitro. In 
vitro transcription products were gel purified and subsequently used in ribozyme cleavage 
reactions (Millington-Ward et al., 1997; Millington-Ward et al., 1999). Kinetic analysis was 

10 subsequently carried out to determine whether RzPolColl Al is a kinetically efficient ribozyme 
under both single- and multiple- turnover conditions (Millington-Ward et al., 1999). 

{0141] Prior to determining single-turnover parameters, it was necessary to identify the 
concentration of ribozyme required to achieve saturation. Under these conditions all molecules 
of substrate are bound by ribozyme, thus allowing an accurate quantification of t m and k 2 . 

1 5 Experimentally, substrate and ribozyme RN As were combined in molar ratios ranging from 1:1 - 
1:100 respectively. RNAs were heated at 90°C for 3 minutes, cooled on ice and incubated at 
37°C in 50mM Tris-HCl. Cleavage reactions were initiated with lOmM MgCl 2 using standard 
protocols and as described herein. Aliquots were removed at various times, separated on 4-8% 
polyacrylamide gels and analyzed by radioactive instant imagery (Packard Instant Imager). 

20 Background was accounted for by analyzing equal areas of uncleaved and product RNAs. 
Ribozyme saturation rates were determined from graphs of percentage cleavage versus time 
(Figure 3A). Notably, a ten fold molar excess of RzPolColl Al was sufficient to achieve 
saturation (Figure 3A). Using a 100 fold molar excess of RzPolColl Al to T-allele RNA, the 
half-life of the substrate (tm) and the rate of the cleavage step of the reaction (k 2 ) were 

25 determined, Ua was determined over 2 half lives from the initial rate of cleavage indicated by the 
slope of the graph of the fraction of uncleaved T-allele RNA versus time (Figure 3A). k 2 was 
calculated from k 2 = \n2/ty^ Values of 1 .2min and 0.58min 1 were obtained for t 1/2 and k 2 
respectively (Figure 3A, curve g). 

[01421 hi contrast to single-turnover reactions, multiple-turnover readings to measure 
30 and K m was taken under conditions of substrate excess within steady-state intervals. The steady- 
state interval is the time-frame in which cleavage reactions are proceeding most optimally and 
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where no inhibition inherent to the reaction exists. The linear (steady-state) interval of T-allele 
cleavage by RzPolColl Al was determined by taking timepoints of cleavage reactions of varying 
ratios of substrate to ribozyme RNA. Plots of percentage cleavage versus time demonstrate that 
the reaction remains linear for up to at least 10 minutes (Figure 3B). Subsequent cleavage 
5 reactions to measure and K m were performed at 8.5 minutes; a time deemed to be within the 
linear portion of the cleavage reaction. In these reactions, molar excesses of substrate to 
ribozyme RNA varied from 1 .25: 1 - 1 0: 1 , and K m were calculated using the following 
formulas (Cornish-Bowden and Wharton, 1990): 



10 y .i^iy^y/fL 



2yXv/ a -2y/flXv 
■~£v»/« s 2>-5y/«5>/« 

a = substrate concentration v= rate of the reaction 



[0143] RzPolColl Al , despite its long target (371 bases) is very active, achieving a of 
15 0.4 min" 1 . This is within the same order as commonly observed for many ribozymes directed to 
short unstructured RNAs (typically 20 bases, Figure 3) which at maximum approximate - lmin" 1 
(Zaug et al., 1988). Typically, reductions in V mea of 1000-fold or more have been observed for 
ribozymes directed to long structured RNAs (Heindenreich and Eckstein, 1992; Hendry et al, 
1995; Janowsky and Schwenzer, 1996; Campbell et al, 1997). Such a reduction was not 
20 observed with RzPolColl Al targeting the 371 base human COL1 Al RNA. The K m value for 
RzPolCollAl was 9.5nM which may contribute to the ribozyme* s high catalytic efficiency. 

[0144] It is of note that RzPolCollAl is more active in vitro than many reported ribozymes 
(Stage-Zimmerman and Uhlenback, 1998). For example, one ribozyme which was significantly 
less active in vitro (Drenser et al., 1998) and targeting an artificially introduced site in the human 
25 rhodopsin gene provided strong in vivo suppression of the transcript when tested in a transgenic 
rat (Lewin et al., 1998). This study, while targeting an artificially generated ribozyme cleavage 
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site (which is not present in wild-type human rhodopsin sequence) nevertheless demonstrated the 
potential utility of hammerhead ribozymes for gene suppression. Given efficient cleavage in 
vivo, RzPolCOLl Al should prove valuable in the development of novel therapeutic approaches 
for autosomal dominantly inherited 01. 

5 [0145] Ribozymes, such as RzPolColl Al , that are highly efficient in vitro may, due to a 
short in vivo half-life, not be as efficient when they are delivered into cultured cells or animals. 
Thus, ribozymes which are delivered in an exogenous manner, are often protected from 
ribonucleases by the incorporation of a wide range of chemical modifications such as, the 
incorporation of phosphorothioates, 2*-aminonucleotides and 2'-0-alkyl groups, (Zhang et al., 

10 1999; Pieken et al., 1 991 ; Ludwig et al., 1 998). The addition of 2 , -aminonucleotides has the 
advantage of not only stabilizing ribozymes over 14,000-fold compared to unmodified versions 
(Sioud and Sorenson, 1998), but also of being easy to generate in vitro in the laboratory by 
simply adding protected nucleotides to transcription reactions. 

[0146] For the reasons stated above RzPolColl Al was enzymatically generated with 
15 pyrimidines containing 2*-amino uridine and cytidine. Both the cleavage efficiency of protected 
RzPolCollAl and its stability in Dulbecco's modified eagle medium supplemented with 10% 
fetal calf serum (DMEM+) was tested in vitro. Protected and normal RzPolCollAl were 
incubated in DMEM+ for 0, 1 and 30 minutes and run on a polyacrylamide gel. After one 
minute, about half of the unprotected ribozyme had degraded, leaving no intact ribozyme after 30 
20 minutes. The protected ribozyme, however, remained fully intact for at least 30 minutes. Due to 
the small quantity of protected RzPolCollAl generated, an unquantified amount of protected 
RzPolCollAl was added to timepoint (0, 30, 60 and 180 minutes) cleavage reactions of the T- 
allele RNA of COL1A1. Despite small quantities, protected RzPolCollAl cleaved the target 
transcript specifically. Other methods of protection such as the incorporation of 
25 phosphorothioates and 2 , -0-allyl groups are also contemplated (Zhang et al, 1999; Ludwig et al., 
1998). 

Example 3: Methods for the Preparation and Handling of RNA 



30 



[0147] The source of RNA from which RNA molecules encoding proteins are isolated, is 
preferably obtained by in vitro transcription of template DNA. For example, the RNA can be 
synthesized in vitro from cDNA or genomic DNA. In a preferred embodiment of the invention, 
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the DNA to be in vitro transcribed is operably linked to, and is located downstream of, an RNA 
polymerase promoter, e.g., a bacteriophage promoter, such as SP6, T3 or T7 promoter. 

[0148] Many vectors for in vitro transcription are available commercially. These may contain 
one or more of the promoters SP6, T3 and T7 and may additionally contain a polyA sequence at 
5 the 3' end of the polylinker in which the DNA of interest is inserted. A "polylinker" or "MCS" 
refers to a nucleotide sequence containing several restriction enzyme recognition sites. Examples 
of vectors include pcDNA3, the series of SP6 vectors, e.g.,. SP64 (Krieg and Melton, infra), 
BlueScript, and pCS2+. Vectors that can be used for in vitro transcription are also described, 
e.g., in U.S. Pat. No. 4,766,072. 

10 [0149] An in vitro transcription reaction can be carried out according to methods well known 
in the art. Kits for performing in vitro transcription kits are also commercially available from 
several manufacturers. In an illustrative embodiment, an in vitro transcription reaction is carried 
out as follows. A vector containing an RNA polymerase promoter and an insert of interest is 
preferably first linearized downstream of the insert, by e.g., restriction digest with an appropriate 

15 restriction enzyme. The linearized DNA is then incubated for about 1 hour at 37 °C or 40 °C 
(depending on the RNA polymerase) in the presence of ribonucleotides, an RNAase inhibitor, an 
RNA polymerase recognizing the promoter that is operably linked upstream of the insert to be 
transcribed, and an appropriate buffer containing TrisHCl, MgCl 2 , spermidine and NaCl. 
Following the transcription reaction, RNase free DNAse can be added to remove the DNA 

20 template and the RNA can be purified by, e.g., a phenol-chloroform extraction. Usually about 5- 
10 ^g of RNA can be obtained per microgram of template DNA. Further details regarding this 
protocol are set forth, e.g., in Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by 
Sambrook, Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 1989). 

[0150] In another embodiment, the RNA is "capped," i.e., that the 5* nucleotide at the 5' end 
25 of the RNA has a 5-5* linkage with a 7-methylguanylate ("7-methyl G") residue. The presence 
of a 7-methyl G on an RNA molecule in a S'-S 1 linkage is referred to as a "cap." Thus, in one 
embodiment, the RNA is contacted with methyl-7 (5 , )PPP(5 , )guanylate (available, e.g., from 
Boehringer Mannheim Biochemicals) in the presence of an in vitro transcription reaction 
mixture, to obtain capped RNA. In the case of in vitro transcribed RNA, capping is preferably 
30 carried out during in vitro transcription. 
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[0151] In order to prevent RNA from being degraded by nucleases, e.g., by RNases, that may 
be present, the extraction of RNA, and reactions involving RNA are performed in "RNase free 
conditions." Various methods known in the art can be used to maintain RNase free conditions. 
For example, during RNA extraction, potent denaturing agents, such as guanidium hydrochloride 
5 and guanidium thiocyanate can be used to denature and thereby inactivate nucleases. Reducing 
agents, e.g., P-mercaptoethanol, can also be used to inactivate ribonucleases. This combination of 
agents is particularly useful when isolating RNA from tissues rich in ribonucleases, e.g., pancreas 
(Chirgwin et al., (1979) Biochemistry 18:5294). 

[0152] Other reagents that can be added to a solution containing RNA to prevent degradation 
10 of the RNA include RNase inhibitors, also referred to herein as "protein inhibitor of RNases," 
e.g., RNasin(. which can be obtained, from Promega Corp. (Madison, Wis.) (e.g., Cat #N2514). 
Protein inhibitors of RNases are preferably not included during extraction of RNA using potent 
denaturing agents (since these will also denature the protein inhibitor of RNases). However, it is 
preferable to include such protein inhibitors of RNases during RNA extraction using more gentle 
15 methods of cell lysis and RNase inhibitors are preferably present at all stages during the 
subsequent purification of RNA. 

[0153] Yet another reagent that can be added to a solution containing RNA to prevent 
degradation of the RNA include vanadyl-ribonucleoside complexes. The complexes formed 
between the oxovanadium IV ion and any of the four ribonucleosides are transition-state analogs 
20 that bind to many RNases and inhibit their activity almost completely. The four vanadyl- 
ribonucleoside complexes are preferably added to intact cells and preferably used at a 
concentration of 10 mM during all stages or RNA extraction and purification. Yet in another 
embodiment, macaloid is used to absorb RNases. 

[0154] RNA can also be extracted from cells or tissues according to methods known in the 
25 art. In a preferred embodiment, RNA can be extracted from monolayers of mammalian cells 
grown in tissue culture, cells in suspension or from mammalian tissue that can readily be 
dispersed in single cells. RNA can be extracted from such sources by, e.g., treating the cells with 
proteinase K in the presence of SDS. In another embodiment, RNA is extracted by organic 
solvents. In yet another embodiment, RNA is extracted by differential precipitation to separate 
30 high molecular weight RNA from other nucleic acids. RNA can also be extracted from a specific 
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cellular compartment, e.g., nucleus or the cytoplasm. In such methods, the nucleus is either 
isolated for purification of RNA therefrom, or the nucleus is discarded for purification of 
cytoplasmic RNA. Further details regarding these and other RNA extraction protocols are set 
forth, e.g., in Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and 
5 Maniatis (Cold Spring Harbor Laboratory Press: 1 989). 

[0155] For instance, RNA can be extracted by a method using guanidium thiocyanate and 
purification of the RNA on a cesium chloride gradient. Accordingly, tissue or cells are lysed in 
the presence of guanidium thiocyanate and the cell lysate is loaded on a cushion of cesium 
chloride (CsCl) and centrifuged at high speed, such that the RNA is recovered in the pellet and 
10 the DNA is left in the supernatant after the centrifugation. The RNA can then be recovered by 
ethanol precipitation. This method is set forth in detail, e.g., in Molecular Cloning A Laboratory 
Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 
1989). 

Example 4: Exogenous gene del ivery of ribozvmes 

15 [0156] Pre-formed ribozymes can be delivered exogenously using, for example, lipids, 
synthetic polymers, electroporation or microinjection. These ribozymes may require the 
introduction of modified nucleotides, to protect them from nucleases present in cells. There are 
three major target sites for modification present in RNAs: the base (A, U, C or G), the sugar, and 
the internucleotide phosphodiester linkage, where individual bases are linked to one another. 

20 Modified RNAs can be generated using chemical or enzymatic techniques. 

[0157] For instance, RNAs transcribed by poll! contain a 5 '-cap which protects them against 
S'-exoribonucleases (Furuichi et al., 1977). Thus if pre-formed ribozymes are generated with the 
5'-cap they are partially protected from nuclease degradation. In addition, the 5'-end of a 
ribozyme (the first base) can comprise of a modified oligonucleotide containing modifications 

25 such as guanosine, guanosine 5* -monophosphate (GNT), guanosine 5'-0-(l- 

thiomonophosphate), ApG, CpG, AmpG, and others (reviewed in Gaur and Krupp, 1997). 
Oligonucleotides (either DNA or RNA) containing phosphorothioate linkages (on the sugar) can 
be synthesized by either chemical or enzymatic means (Eckstein, 1985) and are protected from 
degradation by endonucleases. In addition the 2*-hydroxyl groups (on the base) in RNAs can be 

30 exchanged for 2'fluoro-, 2'-amino-, 2'-0-methyl-, 2'-0-allyl or 2'deoxy-nucleotides. These 
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RNAs can be generated using chemical or enzymatic approaches. In addition, 2'-modified bases 
can be introduced at specific sites in chemically synthesized ribozymes, although only short 
RNAs can be synthesized chemically. 

[0158] One method of RNA modification has been evaluated for RzPolColl Al, targeting a 
5 polymorphic site (C3210T) in the COL1 Al transcript. RzPolColl Al cleaves the T-allele at 3210 
in vitro, while leaving COL1A1 transcript with a C at position 3210 (C-allele) of the COL1A1 
transcript intact (Millington-Ward et al., 1997; Millington-Ward et al., 1999). In preparation for 
exogenous delivery of RzPolColl Al to cells, the ribozyme was enzymatically generated, by in 
vitro transcription, with the incorporation of 2'-arrrinonucleotides; at both uracil and cytocine 

10 bases. The modified ribozyme was tested both for stability in serum and cleavage ability at 
position 3210 of the COL1A1 T-allele transcript. The incorporation of 2'-fluoro- and 2'- 
aminonucleotides into hammerhead ribozymes has previously been found to be a method of 
stabilizing the molecule (Pieken et al., 1991a). However, the catalytic efficiency of the ribozyme 
may be reduced by this modification, depending on how many bases are modified and where 

15 these are located (Pieken et al., 1991b; Heidenreich and Eckstein, 1992). The mechanism of 
inhibition of cleavage efficiency was explored in a study evaluating the effect(s) of each base 
substitution (Leirdal and Sioud, 1998). The study showed that efficient cleavage activity could 
be achieved for 2'-amino modified ribozymes when their sequences contained only a few 
pyrimidines in helix I (the antisense arm of the ribozyme that binds 3' to the NUX site). 

20 Ribozymes with no pyrimidines in helix I cleave target RNAs with almost the same efficacy as 
unmodified ribozymes. 

Example 5: Endogenous gene delivery of ribozymes 

[0159] In addition to delivering preformed ribozymes (or indeed any genetic therapeutic), to 
a target tissue exogenously, endogenous gene delivery to cells is performed. Typically 

25 endogenous gene delivery involves use of transcriptional units such as plasmids or viruses. For 
this reason a retroviral vector with RzPolColl Al was generated. RzPolColl Al was cloned into 
two sites of plasmid pLRNL (Yee et al., 1994), a retroviral plasmid. One copy of RzPolColl Al 
was cloned in the Sal I and BairiH I sites of pLRNL. In addition, a second RzPolColl Al driven 
by a CMV promoter was cloned into the Cla I site of pLRNL (Figure 2A). Thus, any retrovirus 

30 generated with pLRNL will therefore give rise to three different RNA molecules containing 
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either one or two copies of RzPolColl Al (Figure 2B). The cloning of RzPolColl Al has been 
verified by automated sequencing. Resulting retrovirus has been used to stably transfect human 
mesenchymal progenitor stem cells (MPCs) carrying two T-alleles of the COL1 Al gene i.e. 
homozygous 321 0T cells. Infections were carried out at MOI = 5. Stable cells expressing viral 

5 RNA were selected after 48 hours with G41 8 and grown in bulk. Cellular RNA was isolated 
from MPCs stably expressing the retrovirus using TRIzol (GibcoBRL) and the manufacturer's 
protocols. RNAs were tested for ribozyme activity using real time RT PCR and the following 
two primer pairs given in a 5' to 3' orientation: NeoF: GATGCCTGCTTGCCGAATAT (SEQ 
ID NO:31) and NeoR: GCTCTTCAGCAATATCACGG (SEQ ID NO:32) and pLRNLF: 

10 AAGACAGGATATCAGTGGTC (SEQ ID NO:3 3) and pLRNLR: 

CTATGGCTCGTACTCTATAG (SEQ ID NO:34) (Table 4). MPC cell lines were evaluated for 
COL1 Al down-regulation at both at the RNA and protein level using real time RT PCR and 
fluorescent anti-collagen antibodies respectively. RNA levels were shown to be down-regulated 
by 38.8% in 7 different experiments, each carried out in triplicate (i.e., 21 samples in all). In 4 of 

15 the 7 experiments total RNA levels were normalized to the housekeeping gene GAPDH using the 
following primer pair in a 5* to a 3 9 orientation: GAPDHF: CAGCCTCAAGATCATCAGCA 
(SEQ ID NO:29) and GAPDHR: CATGAGTCCTTCCACGATAC (SEQ ID NO:30). In 3 of the 
7 experiments total RNA levels were normalized to COL1 A2 RNA levels; the natural associate 
of COL1 Al (Figure 4). Primers used given in a 5' to 3' orientation were the following: 

20 COL1A2F: CAAGGATGCACTATGGATGC (SEQ ID NO:27) and COL1A2R: 

GGAGCTCCTATACCAGTTCT (SEQ ID NO:28). This is the first ribozyme to have been 
shown to be active in MPCs, though ribozymes have been shown to be active in other cell types. 
Moreover this is the first ribozyme to have been shown to target a polymorphic site. To 
corroborate this result at the protein level and to confirm that down-regulation at the RNA level 

25 is indeed reflected at the protein level, stable MPC lines were treated with a FITC-labeled anti- 
type I collagen antibody. Briefly, 20,000 cells were grown on a coverslip for either 4 or 7 days, 
rinsed once in PBS, drained and fixed for 2 minutes in 50% acetone and 50% methanol. Fixed 
cells were rinsed with PBS + 3% BSA and treated for 30 minutes with a 1/200 dilution of and 
human type I collagen raised in mouse (Biodirect) at room temperature in a humid chamber. 

30 Cells were then washed twice over 5 minutes with PBS + 3% BSA. Subsequently cells were 
treated at room temperature for 20 minutes with a 1/64 dilution of goat anti mouse IgG-FITC 
(Sigma) in a humid chamber. Cells were then washed twice in PBS over 5 minutes. Cells were 
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mounted on a glass slide with Moial and analyzed with a fluorescent microscope using 100X and 
200X magnifications (Figures 5-10). Cells expressing RzPolCollal (Pol 1,2 and Pol 3 cells) 
were compared to control MPCs treated in the same manner after 4 and 7 days growth. In both 
cases a significant down-regulation of type I collagen was visible at the protein level, indicating 

5 that RzPolCollal is highly active in human MPCs and in addition that a down-regulation at the 
RNA level is indeed mirrored at the protein level (Figures 5-10). Stable lines were grown in 
osteogenic medium (0.1 ^M dexamethasone, lOmM beta-glycerophosphate and 50^iM ascorbate- 
2-phosphate) for 7 days and were shown to have maintained their ability to differentiate into 
osteoblasts. Clearly a ribozyme delivered to MPCs by a retroviral vector targeting a polymorphic 

10 site has achieved significant levels of down-regulation at the RNA and protein level. Thus, 
suppression of human COL1A1 in the target human stem cells (MPCs) that give rise to bone 
tissue has been demonstrated. Cell lines with high levels of ribozyme activity and COL1 Al 
suppression may now be transfected with a second retrovirus carrying a replacement COL1 Al 
gene, with a C at position 3210 of the gene. Replacement COL1 Al transcripts are protected 

15 from suppression by RzPolColl Al . Replacement COL1 Al genes could be driven by strong cell 
specific promoters such as the COL1A1 or COL1 A2 promoters and would most likely contain 
appropriate intronic sequences to ensure high levels of expression. In addition, replacement gene 
could include sufficient quantities of 3* downstream sequence to ensure replacement transcripts 
were sufficiently stable. A 2.3 kb portion of the COL1 Al promoter, the 1 .6 kb first intron of 

20 COL1 Al and a 2 kb portion of 3' downstream sequence of the COL1 Al are known to drive 
normal levels of COL1 Al expression in transgenic mice (Sokolov et al. 1993) and may thus be 
used in replacement constructs. Replacement COL1 Al constructs would not only cany a C at the 
polymorphic site at position 32 1 0, but may also include additional change at positions adjacent to 
the cleavage site to minimize antisense effects of the ribozyme. Since the polymorphism is 

25 situated in the 3'UTR of COL1 Al, small sequence alterations should not interfere with normal 
protein expression. Double stable MPC lines expressing both RzPolColl Al and the replacement 
construct are also generated to test the allele suppression and replacement methods of the 
invention, Cells, which show high levels of replacement collagen 1 Al expression, may then be 
injected into a COL1 Al -linked 01 patients bone marrow or may be administered systemically, 

30 giving rise to generations of osteoblasts and chondrocytes expressing wild-type COL1 Al . 

Notably, the systemic administration of donor bone marrow cells to leukemia patients has been 
carried out routinely for many years. One elegant feature of the suppression -and replacement 
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raethod utilizing ex vivo gene delivery is that a patient's own mesenchymal progenitor stem cells 
may be used as gene delivery vehicles, most probably making the lifelong administration of 
immunosuppressors to the 01 patients unnecessary. 

[0160] Table 4 



Primer name 


RNA Amplified 


Primer Sequence 


SEQ ID NO 


COL1A1F 


Collagen 1A1 


CAGGAATTCGGCTTCGA 


25 


COL1A1R 


Collagen 1A1 


GGTTCAGTTTGGGTrGCTTG 


26 


COL1A2F 


Collagen 1A2 


CAAGGATGCACTATGGATGC 


27 


COL1A2R 


Collagen 1A2 j 


GGAGCTCCTATACCAGTTCT 


28 


GAPDHF 


GAPDH 


CAGCCTCAAGATCATCAGCA 


29 


GAPDHR 


GAPDH 


CATGAGTCCTTCCACGATAC 


30 


NeoF 


Neo 


GATGCCTGCTTGCCGAATAT 


31 


NeoR 


Neo 


GCTCTTCAGCAATATCACGG 


32 


pLRNLF 


pLRNL 


AAGACAGGATATCAGTGGTC 


33 


pLRNLR 


pLNRL 


CTATGGCTCGTACTCTATAG 


34 
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Example 6: Polymorphism and genomics driven drug design 

[0161] Only recently is polymorphism being recognized for its enormous potential in 
genomics-driven drug design. This is demonstrated by aims of the Single Nucleotide 
Polymorphism (SNP) Consortium Ltd., as part of the human genome project, to characterize 
5 150,000 SNPs distributed evenly throughout the human genome by the middle of 2001 

(http://www.ncbi.nlm.nih.gov/SNP/). There are estimated to be 3 million SNPs in the human 
genome (http://www.ornl.gov/hgmis/faq/snps.html). In addition, many commercial companies, 
such as ORCHID Biosciences, Inc., have been set up for the sole purpose of characterizing SNPs 
and identifying proprietary medical applications of SNPs (http://www.noonanrusso.com/clients/ 

10 bulbs/orchid.html). However, to date polymorphism has not been utilized as a tool for down- 
regulating in cells transcripts with dominant-negative mutations or mutations which predispose 
to pathology, whereby mutant alleles are specifically suppressed at SNPs and wild-type non- 
suppressible alleles of alternative polymorphic genotype are concurrently administered to cells of 
subjects. The strategy of allele suppression and replacement is demonstrated herein for the 

15 autosomal dominant brittle bone disorder OL In addition, suppression of the rhodopsin transcript 
has been demonstrated in vitro. The allele suppression methods of the instant invention can be 
applied to cells with many other genes giving rise to or predisposing to dominant negative 
phenotype(s). Other common polymorphic genes which, when mutated, give rise to dominant 
negative 'diseases or predispose to. disease pathologies include amongst others P53, APC, FBNl 

20 are presented in (Tables 5-1 1). For example, a significant number of tumors have dominant gain 
of function mutations in P53 (http://persoxurie.fr/ Thieny.Souissi/p53 jnutation.html). In 
addition, well over 100 P53 mutations have been characterized 
(http://www.lf2 xum.cz/projects/dbu99_08.txt). A portion of these are gain of function 
mutations and are therefore appropriate for the allele suppression and replacement methods of 

25 the invention. Table 5 shows polymorphic sites in a number of genes that create NUX sites and 
would therefore be suitable for allele specific suppression using hammerhead ribozymes. 

[0162] Apolipoprotein E (ApoE) fulfills fundamental functions in lipid transport and neural 
tissue repair after injury. Its three most common isoforms (E2, E3 and E4) are critical 
determinants of diverse human diseases, including major cardiovascular and neurodegenerative 
■ 30 disorders. ApoE4 is associated with an increased risk for Alzheimer's disease and poor clinical 



WO 03/048362 



PCT/GB02/05417 



-64- 

outcome after head injury or stroke. Recently, the effects of ApoE4 have been shown to be 
dominant negative in transgenic mouse models expressing the E3, E4 or both alleles (Buttini et 
al. 2000). In contrast, ApoE2 has been found to be associated with some vascular abnormalities, 
specifically, a "double-barrel" appearance and fibrinoid necrosis (McCarron et al. 2000). In 
5 addition to the three common ApoE isoforms, a number of other polymorphisms have been 
characterized in the gene (Table 11). Thus, the allele suppression strategy could be applied to 
either ApoE2 or ApoE4 related disease, using any of the polymorphisms described or indeed 
polymorphisms which have not as yet been characterized and a suppression agent. For example, 
the 783 mutation (Table 1 1) involves a polymorphism (c-t), which creates a NUX ribozyme 

10 cleavage site. The polymorphism is situated in a predicted open loop structure according to 
Plotfold analysis. Notably, the replacement gene could be of the ApoE3 isoform, an isoform 
which has not been associated with either neurological or vascular abnormalities. Thus, if a 
patient with ApoE4 linked Alzheimer's disease is heterozygous with one copy of the ApoE2 and 
one copy of the ApoE4 gene the replacement ApoE3 construct may treat the Alzheimer's disease 

15 and in addition protect the patient from vascular disease. 

[0163] Many genes harboring dominant negative mutations or a mutation predisposing to 
disease pathologies demonstrate high levels of intragenic polymorphism (in some cases at NUX 
ribozyme target sites) and would therefore lend themselves to the selective allele suppression and 
replacement strategy (Table 5). The instant invention circumvents the problem of genetic 

20 heterogeneity inherent in such genes and provides methods and strategies for suppressing and/or 
replacing these genes. Digenic or polygenic disorders may also be treated by the methods and 
compositions of the invention. For example, digenic RP is caused by mutations at the unlinked 
peripherin/RDS and ROM1 loci (Clarke et al. 1998); Kajiwara et al. 1994). In addition, digenic 
autosomal dominant deafness is caused by disease haplotypes at both the DFNA2 and DFNA12 

25 loci (Borg et al. 2000). 
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[0164) Table 5: Polymorphisms in heterogeneous dominant negative disease genes and 
intragenic SNPs that create NUX ribozyme cleavage sites 



Disease 


Gene 


Polymorphic Site 


Reference 


01 


C0L1A1 


C3210T 


Westerhausen et al. Matrix 
11:375-379(1991) i 


01 


C0L1A2 


GTA868GTG 


Filie et al. Hum Mutat 2:380- 
388 (1993) 


01 


C0L1A2 


T385C 


Strobel et al. Matrix 12:87-91 ( 


01 


C0L1A2 


T225C 


Zhuang et al. Hum Mutat 7:89- 
99(1996) 


RP 


Peripherin/ 
RDS 


Catcc-caccc 2046 in 
3'UTR 


http://www.irpa.org/sci- 

npu/Q/rrfcmiit Vitm 


RP 


Rhodopsin 


C1090T 


Saga et al. Ophthalmic Genet. 
15:61-67(1994) ' 


RP 


Peripherin/ 
RDS 


G611T 


oiiaoUjr CI oi. JDlUCncm. 

Biophys. Res. Com. 231 : 103 

(\ QQ71 


RP 


Peripherin/ 
RDS 


A566G 


Shastry et al. Biochem. 
Biophys. Res. Corn. 231:103 


Cancer 


P53 


GAC-GAT (codon 
21/base314) 


NM 000546; Ahuja et al. 
Oncogene 5:1409-1410 (1990) 


Cancer 


P53 


CCG-TCG (codon 
47/base 390) 


NM 000546; Felley-Bosco et 
al. Am J Hum Genet 53:752- 
759(1993) 
4.7% in african americans 


Cancer 


P53 


CCG-GTC (codon 


NM 000546; Murakami et al. 
Cancer Res 51 :5520-5525 
(1991) 


Cancer 


APC 


GGA-GTA (codon 
84/base 289) 


l^iivi \J\J\J\J jo ruwci CI al. 

Nature 359:235-357 (1992) 


Cancer 


APC 


TAT-TAC (codon 
486/base 1497 


NM 000038 Miyoshi et al. 
ProcNatl Acad Sci (USA) 
89:4452-4456(1992) 


Alzheimer's 


ApoE 


GTG-GTA at base 369 


Accession No. K00396 


Alzheimer's 


ApoE 


ATG-ATCatbase568 


Accession No. K00396 


Alzheimer's 


ApoE 


GTC-GCC at base 783 


Accession No. K00396 


Deafness and 
other disorders 


COL11A2 


GTC-GAC at base 7167 


Accession No. U32 1 69 


Epidermolytic 
hyperkeratosis 


Keratin 10 


GTT-GCT at base 3513 


Accession No. X14487 


Epidermolysis 
Bullosa Simplex 


Keratin 5 


TCT-TTTatbase 42 


Accession No. U05845 


Dystrophic 

Epidermolysis 

Bullosa 


C0L7A1 


GTC-GTG at base 9164 


Accession No. L02870 


EDS IV 


C0L3A1 


GGC2346GGT (codon 
581) 


Tromp et al. Nucl Acids Res 
19:681 (1991) 
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[0165] Table 6; Polymorphisms in human Peripheral (RDS) 
(http://www.irpa.org/sci-news/rdsmuthtm) 



Variation 


Sequence 


Nucleotide 


Exon 


(TA)n 






5'UTR 


Tyr83Tyr 


TAC-TAT 


0489 


1 


TyrlOlTyr 


TAC-TAT 


0543 


l ; 


Vall06VaI 


GTC-GTT 


0558 


i ; 


Tyr236Tyr 


TAC-TAT 


0948 


2 


Glu304Gln 


GAG-CAG 


1150 


3 


Lys310Ars 


AAG-AGG 


1169 


3 


Pro313Leu 


CCG-CTG 


1178 


3 


Gly338Asp 


GGC-Gac 


1253 


3 


1426G-A 


G/A 


1426 


3'UTR 


18271-e 


Tacac-tacgc 


1827 


3'UTR 


2046t-c 


Catcc-caccc 


2046 


3'UTR 


2131del4bp 


Aatcaga-a a 


2131 


3'UTR 


2182a-c 


Gccaa-gccca 


2182 


3'UTR 


2285-1-c 


Caaga-ccaga 


2285 


3'UTR 


2641t-c 


Ctttg-ctctg 


2641 


3'UTR 


26S9t-c 


Tagtg-cagtg 


2659 


3'UTR 



5 

[0166] Table 7: Polymorphisms in Human MSH gene 



(http://www.nfdht.nl/database/msh2-poly.htm) 



Exon 


Codon 


Nucleotide 


Codon 


Intron 1 


+9 ofExl 


c-gat211 +9 




2 


113 


AAG-AAA 


Lys-Lys 


2 


110 


A-G at 329 


Lys-Arg 


2 


96 


G-A at 287 


Arg-His 


2 


113 


G-A at 339 


Lys-Lys 


Intron 2 


5' poly-T region 


Variable T deletion 




3 


133 


C-Tat399 


Asp-Asp 


3 


153 


C-Tat 459 


Ser-Ser 


Intron 5 


Poly-A region 


10 bp del of A 




6 


322 


GGC-GAC at 965 


Gly-Asp 


6 


328 


GCC-GCT 


Ala-Ala 


Intron 6 


-10 of 5^x7 


t-c at 1077-10 




Intron 7 


+49 of 3 'Ex 7 


C-Aat 1276+49 




Intron 9 . 


-10of5'Ex 10 


g-tat 1511-10 
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Intron9 


-9 ofS'ExlO 


t-aat 1511-9 




Intron 10 


+12of3'ExlO 


g-aat 1661+12 




10 


521 


T-Aat 1563 


Tyr-Tyr 


11 


556 


T-Cat 1666 


Leu-Leu 


11 


579 


A-Gatl737 


Lys-Lys 


11 


585 


TCT-TCC at 1755 


Ser-Ser 


12 


596 


A-Gatl787 


aSN-sER 


Intron 12 


-6 of5'Exl3 


t-c at 2006-6 




13 


713 


G-Cat2139 


Gly-Gly 


13 


718 


A-G at 2154 


Gln-Gln 



[0167] Table 8: Polymorphisms in Human Collagen COL3A1 



Polymorphism 


Reference 


ProSOlThr 
CCT-ACT nt2104 


Trorop et al. J Clin Invest 91:2539-2545 
(1993) 


Ala531Thr 
GCT-ACT nt2194 


Zafaiullah et al. Nucl Acids Res 1 8:61 80 i 
(1990) 


Gly581Gly 
GGC-GGTnt2346 


Troinp et al. Nucl Acids Res 19:681 (1991) 



[0168] Table 9: Polymorphisms in Human Collagen COL1A1 

5 http://www.le.ac.Uk/ge/collagen/collalJitml#Table_4 



Polymorphism 


Base 


Reference 


Arg59Arg CGG-CGT 


N-propeptide nt296 


Mackay et al. Hum Mol Genet 2: 1 1 55-1 160 
(1993) 


Pro228Pro CGG-CGT 


1667 


Marini et al. J Biol Chem 268:2667-2673 
(1993) 


Arg386His CGC-CAC 


1810 


Pruchno et al. Hum Genet 87:33-40 (1991) 


Ala410AlaGCT-GCC 


1883 


Mackay et al. Hum Mol Genet 2: 1 155-1 1 60 
(1993) 


Gly-517Gly GGA- 
GGT 


2204 


Nicholls et al. J Med Genet 28:757-764 (1991) 


Pro645Ala CCT-GCT 


2586 


- Mackay et al. Hum Mol Genet 2:1 155-1 160 
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(1993) 






oOKoiov ei ai. inuci aciqs ices iy:43U2 v 1991) 


Pro899ProCCT-CCC 


3350 


Lamande et al. J Biol Chem 264:15809-1 58 1 2 

/I AOA\ 

(1989) 


Pro902Pro CCT-CCC 


3359 


Lamande et al. J Biol Chem 264:15809-15812 
(1989) 


Val903ValGTC-GTT 


3362 


Bateman et al. Am J Med Genet 45:233-240 
(1993) 


A trrsQTZ Aon f~l A T 

ASpy / DASp kjJax - 

GAC 




Zhuang et al. Hum Mutat 7:89-99 (1 996) 


01 eOa» Tr^c* tvt 
berliloSer 1CC-1CT 


4298 


Zhuang et al. Hum Mutat 7:89-99 (1 996) 


berlzDolnr ICC- 
ACC 


C-propeptide 4419 


Makela et al. Nucl Acids Res 16:349 (1988) 






zjiuang ei ai. iium Mutat /.ay-yy (iyyo) 


AGCA insertion 


3'UTR insertion following 
5194 


Nuytinck et al. Matrix Biol 16:349-352 (1997) 



[0169] Table 10: Polymorphisms in Collagen COL1 A2 

http://www.le.ac.Uk/ge/Gollagen/colla2.html#Table_4 



Polymorphism 


Nucleotide 


Reference 


Thr29Thr ACT-ACC 


N-propeptide 226 


Zhuang et al. Hum Mutat 7:89-99 (1996) 


Pro59ThrCCA-ACA 


N-propeptide 314 


Kuivaniemi et al. Biochem J 252:633-640 (1988) 


Asp82Asp GAT-GAC 


N-propeptide 385 


Strobel et al. Matrix 12 87-91 (1992) 


Glyl27Gly GGG-GGT 


790 


Filie et al. Hum Mutat 2:380-388 (1993) 


Glyl39Gly GGT-GGC 


826 


Filie et al. Hum Mutat 2:380-388 (1993) 


Glyl45Gly GGA-GGC 


844 


Filie et al. Hum Mutat 2:380-388 (1993) 


Vall53ValGTA-GTG 


868 


Filie et al. Hum Mutat 2:380-388 (1993) 


Prol58Pro CCT-CCC 


883 


Filie et al. Hum Mutat 2:380-388 (1993) 


Asnl59Ue AAT-ATT 


885 


Filie et al. Hum Mutat 2:380-388 (1993) 


Glyl66Gly GGT-GGC 


907 


Filie et al. Hum Mutat 2:380-388 (1993) 


Glyl72Gly GGT-GGC 


925 


Filie et al. Hum Mutat 2:380-388 (1993) 


Thrl86Ala ACT-GCT 


965 


Filie et al. Hum Mutat 2:380-388 (1993) 


Glyl 87Gly GGA-GGT 


970 


Filie et al. Hum Mutat 2:380-388 (1993) 


Ser275SerTCT-TCC 


1234 • 


Filie et al. Hum Mutat 2:380-388 (1993) 
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Gly277Gly GGT-GGG 


1240 


Filie ct al. Hum Mutat 2:380-388 (1 993) 


Pro392Pro CCA-CCC 


1585 


Constantinou et al. Nucl Acids Res 18:5577 (1990) 


Val420Ala GTT-GCT 


1668 


Wenstrup et al. J Biol Chem 266:2590-2594 (1991) 


Ala459ProGCT-CCT 


1784 


Bateman et al Hum Mutat 1 :55-62 (1992) 


Val536Val GTG-GTT 


2017 ! 


Bateman et al. Am J Med Genet 45:233-240 (1993) 


T-G 


+661bp within IVS 
33 


Strobel et al. Matrix 12:87-91 (1992) 


Ala653Gly GCC-GGC 


2367 


Kuivaniemi et al. Biochem J 252:633-640 (1988) 


Arg732His CGT-CAT 


2604 


Zhuang et al. Hum Mutat 7:89-99 (1996) 


Pro795Pro CCT-CCA 


2791 


Baldwin et al. J Biol Chem 264:3002-3006 (1989) 


Gly862GlyGGC-GGT 


2995 


Baldwin et al. J Biol Chem 264:3002-3006 (1989) 


Phe932Leu TTC-TTA 


3205 


Baldwin et al. J Biol Chem 264:3002-3006 (1989) 


Gly955Gly GGC-GGT 


3274 


Strobel et al. Matrix 12:87-91 (1992) 


Thi983Thr ACG-ACA 


3358 


Baldwin et al. J Biol Chem 264:3002-3006 (1989) 


LeulOllProCTA-CCA 


3441 


Baldwin et al. J Biol Chem 264:3002-3006 (1989) 


Thrl058Pro ACC-CCC 


3581 


Oliver et al. Hum Mutat 7:31 8-326 (1996) 


Glul099AspGAA- 
GAT 


C-propeptide 3706 


Marini et al. J Biol Chem 268:2667-2673 (1993) 


AlallOOAla GCC-GCT 


C-propeptide 3709 


Marini et al. J Biol Chem 268:2667-2673 (1993) 


Cysll05CysTGC.TGT 


C-propeptide 3724 


Marini et al. J Biol Chem 268:2667-2673 (1993) 


Proll08SerCCT-TCT 


C-propeptide 3731 


Makela et al. Biochim Biophys Acta 1049:171-176 
(1990) 


Valll52Val GTT-GTA 


C-propeptide 3865 


Marini et al. J Biol Chem 268:2667-2673 (1993) 


Glyll94GlyGGC- 
GGA 


C-propeptide 3991 


Marini et al. J Biol Chem 268:2667-2673 (1993) 
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[0170] Table 1 1 : Polymorphisms in ApoE nucleotide numbering according to 
accession number K00396 



Nucleotide 


Base change 


Reference 


267 


B-c 


J. Biol. Chem. 258, 11422-11422 (1983) 


279 


g-a 


J. Biol. Chem. 258, 11422-11422 (1983) 


288 


g-a 


J. Biol. Chem. 258, 11422-11422 (1983) 


409 


g-a 


J. Biol. Chem. 259 6498-6504 (1984) 


586 


c in e-3 allele; t in e-2 
allele 


Biochem. Biophys. Res. Cornmun. 130, 1261-1266 
(1985); J. Biol. Chem. 259, 5495-5499 (1984) 


702 


c-g 


J. Biol. Chem. 258, 1 1422-1 1422 (1983) 


783 


c-t (creating an NUX 
cleavage site) 


wwwjicbi.nlmjiih.gov:80/entrez/query.fcgi?cmd=Ret 
rieve&list_uids=l 78850&dopt=GenBank 


831 


g-t 


Ml 0065 


858 


g-a 


J. Biol. Chem 258, 1 1422-1 1422 (1983) 



5 ApoE: http://srs.ebi.ac.uk/srs6bin/cgi-b^ 
and 

http://ww.ncbi.nlm.nih.gov:^ 
ank 

Example 7: Procedure for Genotyping OI patients for the Presence of the 3210 Polymorphism 



10 [0171] In order to determine whether cells from an OI patient may be used for treatment 

according to the methods of the invention, the patient is first genotyped to determine the presence 
of one or more polymorphisms and the disease causing mutation in a target gene and the disease- 
causing mutation. An exemplary procedure for determining the patient's suitability for genetic 
therapy using RzPolColl 1 (targeting the 3210 T polymorphic variant of the COL1 Al transcript) 

15 is as follows. 

[0172] A blood sample (e.g., 5ml) is taken from the OI patient and centrifuged at 3000rpm 
for 10 minutes and the pelleted cells treated with a standard lysis solution such as IX tris/triton 
(lOmMTrisHCl pH9, 1% triton X-100) for 5 minutes and heated to 94(C for 10 minutes to 
release DNA from the cells. PCR reactions are carried out on DNAs using standard protocols. 
20 Primers are designed to amplify exon 52 plus the 3'UTR across the polymorphic site. The 
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forward primer is shown in SEQ ID NO: 10 (position 2977-2996 of accession number K01228 
and SEQ ID NO:20). The reverse primer is 5'GGTAAGGTTGAATGCACTTTTG 3* (position 
3326-3347 of accession number K01228 and SEQ ID NO:l 1). Resulting PCR products are 
cleaned using standard protocols and sequenced on an automated sequencer such as the 

5 AIB373A DNA sequencer, using a sequencing kit (e.g., Applied Biosystems) and the above 
reverse primer to assess the patient's genotype at position 3210 of CollAL There are three 
possible genotypes: 321 0 C/C which is an unsuitable genotype for gene therapy using RzPolCl 
1 Al; 3210 T/T, which is ideal for cell treatment using RzPolCollAl; and 3210 C/T, which must 
be further analyzed to determine whether or not the T-allele is on the same DNA strand as the 

10 mutation; only then is the patient suitable for gene therapy using RzPolCollAl . 

[0173] Skin biopsies (obtained by scraping skin or cheek swab) are taken from OI patients 
who areheterozygous for the 32 10 polymorphism in CollAL RNA is extracted from biopsies 
using kits such as the PolyATract system 1000 (Promega) according to manufacturer's protocols. 
Complementary DNAs are synthesized from RNA using kits such as the Universal RiboClone 

15 cDNA synthesis system (Promega) and manufacturer's protocols. A long range PCR reaction is 
carried out on cDNAs from heterozygous C/T patients. Both the forward and reverse primer are 
typically 20 nucleotides long and have 50-60% G/C content. The forward primer binds within 
the 5'UTR of the COL1 Al gene and the reverse primer binds within the 3'UTR, such that the 
amplification product contains the entire coding sequence of the COL1 Al gene. In addition the 

20 reverse primer is designed so that its most 3* nucleotide is exactly at the polymorphic 3210 site. 
The 3* nucleotide is an adenine (A). In this way the reverse primer is specific and will only 
amplify DNA which has a T at position 3210. Thus most of the amplification product is taken 
from the T allele and a minority from the C allele. Over rounds of PCR amplification enrichment 
for the T-allele occurs. The longrange PCR reaction is carried out using a kit such as Expand 

25 Long Template PCR Systems (Boerhinger Mannheim), according to manufacturer's protocols. 
In addition, a negative control for the allele specific long range PCR will be carried out on cDNA 
derived from a person known to be homozygous C/C at position 321 0. No amplification product 
should arise. Subsequent PCR product is sequenced across the entire COLl Al gene using a 
series of primers (typically 20-mers with 50-60% G/C content) and an automated sequencing 

30 system as mentioned above. If a mutation is indeed found on the T-allele, cells of this 
heterozygous patient are suitable for treatment with RzPolCollAl . 
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Example 8: MPC Gene Therapy 

[0174] MPCs differentiate into, amongst others, osteoblasts, which are the target cells for 01. 
To undertake ex vivo gene therapy for 01, MPCs are taken from bone marrow of 01 patients and 
transfected stably ex vivo with, for example, retroviruses carrying the therapeutic ribozyme and a 
5 replacement collagen gene with a non-suppressible polymorphism. MPCs which express both 
therapeutic ribozyme and replacement collagen gene are then selected, expanded ex vivo and 
subsequently transplanted back into 01 patients. 

[0175] Human MPC cells are obtained from mammalian subjects according to standard 
methods in the art, for example, those provided in Conget and Minguell (2000) or Allay et al. 

10 (1997). Briefly, 10 mis of bone marrow is obtained from the posterior iliac crest of adults who 
have given informed consent under e.g., an IRB-approved protocol to the Hematopoietic Stem 
Cell Facility of the Case Western Reserve University Ireland Cancer Center. Mononuclear cells 
are separated by centrifugation in a Ficoll-Hypaque gradient (density = 1.077 g/cm 3 ; Sigma), 
suspended in a-MEM containing 20% fetal bovine serum (FBS; Hyclone) and seeded at a 

15 concentration of lxlO 6 cells/cm 2 . Alternatively, single cell suspensions of bone marrow are 
layered on 70% (Sigma) gradients and low density mononuclear cells are recovered. 50 x 10 6 
cells are plated onto 100mm 2 plastic tissue culture plates in DMEM + 10% FBS, prescreened for 
growth and maintenance of the osteogenic potential of human MPCs as described in Goshima et 
al. 1991a,b; Lennon et al. (1995); and Allay et al. 1997. Cultures are maintained at 37°C in a 

20 humidified atmosphere containing 5% CO2. After 3 days, the medium is changed to remove 
nonadherent hematopoietic cells. Thereafter, the medium is changed twice weekly. 
Approximately 10-12 days after primary culture, the cells are detached from the plate with 0.25% 
trypsin containing ImM EDTA (GIBCO) for 5 min. at 37°C. The cells are diluted 1:3 and 
cyclically replated in fresh medium when cells reach 80% confluence. Methods and reagents for 

25 transducing mesenchymal stems cells are provided in the art, for example in U.S. Patent Nos: 
5,591,625; 5,486,359; 5,827,735; 5,226,914, the entire contents of which are incorporated herein 
by reference. 

[0176] Human MPC cells are transfected according to standard methods in the art, for 
example, those provided in Allay et al. (1997). Briefly, MPC cells are obtained as described 
30 above. Human MPCs are grown in DMEM + 20-30% heat-inactivated (HI) FBS for 1 8-24 hours . 
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following first or second passage to increase cell proliferation and enhance the rate of gene 
transfer. Medium is replaced with 4mls of 0.45mm-filtered viral supernatant (containing, 0.1- 
1000MOI of retrovirus, virus comprising a desired ribozyme sequence), containing 6 mg/ml 
Polybrene (Sigma). After 6 hours, viral supernatant is removed and cells are cultured in DMEM 
5 + 20-30% HI FBS for 1 8 hours and repeated daily for 4 days. Cultures of transduced human 
MFC are trypsinized and replated at clonal density in G418 to determine the number of clonal 
cells expressing the proviral genes, or expanded in G41 8. For all in vivo experiments, transduced 
cell populations, not individual clones, are generally used. 

[0177] For X-Gal staining, an aliquot of virally transduced or untransduced human MPC are 
10 fixed in freshly prepared 2% formaldehyde, 0.2% glutaraldehyde in phosphate-buffered saline 
(PBS) for 5 minutes at 4(C, washed and stained in fresh 1 mg/ml X-Gal in 20 mM potassium 
ferrocyanide, 20 mM potassium ferricyanide, and 2mM MgCk in PBS and counterstained with 
0.1% crystal violet. 

[0178] Human MPC cells are transplanted according to standard methods in the art, for 
15 example, those provided in Horwitz et al. (1999). Briefly, approximately 5.7-7.5 x 10 8 MPC 
cells/kg are infused into a patient by intravenous infusion. Moderate dose total body irradiation 
may be added to the regime for a patient if there is a mismatch at the HLA-DRpl allele. Cells 
are administered with cyclosporin (e.g., 45-60mg/kg x 2), phenytoin and bisulfan (e.g., lmg/kg x 
16) where appropriate or injected into bone. Notably chemoprophylaxis against graft versus host 
20 disease may not be required, as the MPCs are derived from the patient's own marrow. However, 
if required, chemoprophylaxis against graft versus host disease consists of intravenous 
cyclosporine 2.5mg/kg every 12 hours), begun 2 days before transplantation. Patients receive 3 
day courses of tetracycline at approximately 3 weeks and 1 week before biopsy. A 5.0-mm core 
of illiac bone is taken before and 6 months after transplantation with a trephine inserted through a 
25 1 .5cm incision, from patients sedated by general anesthesia. Histological changes are determined 
on sections 5jim in thickness of polymethyl raethacrylate-embedded samples, using a Zeiss 
microscope. 
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Equivalents 

[0179] The invention may be embodied in other specific forms without departing from the 
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be 
10 considered in all respects illustrative rather than limiting of the invention described herein. 
Scope of the invention is thus indicated by the appended claims rather than by the foregoing 
description, and all changes which come within the meaning and range of equivalency of the 
claims are therefore intended to be embraced herein. 
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Claims 

What is claimed is: 

11. A method for suppressing the expression of a mutant allele of a gene, the method 

2 comprising the steps of: 

3 selecting a mutant allele which encodes a message comprising a nucleotide region 

4 comprising an NUX ribozyme cleavage site within or adjacent a polymorphic variation 

5 characteristic of the mutant allele; and 

6 exposing the message to a ribozyme that hybridizes with the message within or adjacent 

7 to the polymorphic variation and cleaves the message at the NUX ribozyme cleavage site. 

1 2. The method of claim 1 , wherein the ribozyme is operatively linked to an expression 

2 vector. 

1 3. The method of claim 1, wherein the ribozyme is specific for mammalian collagen 1 Al 

2 RNA comprising a T3210C polymorphism, wherein the nucleotide at position 3210 is a T. 

1 4. The method of claim 1, wherein the ribozyme is specific for mammalian collagen 1 A2 

2 RNA comprising an A902G polymorphism, wherein the nucleotide at position 902 is an A or 

3 T907A polymorphism, wherein the nucleotide at position 907 is a T. 

1 5. The method of claim 1, wherein the ribozyme is specific for mammalian rhodopsin RNA 

2 comprising a polymorphism selected from the group consisting of Pro23Leu, Glyl20Gly and 

3 Alal73Ala. 

t 6. The method of claim 1 , wherein the ribozyme is specific for mammalian peripherin RNA 

2 having a polymorphism selected from the group consisting of C558T, Glu304Gln, Lys3 lOArg 

3 and Gly338Asp. 

1 7. The method of claim 1, further comprising the step of providing a replacement nucleic 

2 acid which is not cleaved by, or is only partially inhibited by, the ribozyme, the replacement 

3 nucleic acid comprising the nucleotide sequence for an allele of the gene which encodes a normal 

4 or non-disease-causing protein. 
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1 8. The method of claim 7, wherein the normal or non-disease-causing protein is selected 

2 from the group consisting of rhodopsin, collagen 1 Al , collagen 1 A2 and peripherin. 

1 9. A suppression effector comprising a ribozyme that hybridizes on either side of a 

2 polymorphic variation of a nucleic acid, and wherein said ribozyme cleaves the nucleic acid with 

3 the polymorphic variation but does not cleave a nucleic acid that does not contain the 

4 polymorphic variation. 

1 10. The suppression effector of claim 9, wherein the nucleic acid sequence is selected from 

2 the group consisting of SEQ ID NOS:l, 3, 6, 9 and 10. 

1 11. A method for designing a gene therapy involving suppression of expression of a mutant 

2 allele of a gene, the method comprising 

3 1 ) determining at least a portion of the nucleotide sequence of a mutant allele, the 

4 expression of which causes a genetic disease, 

5 2) determining in an RNA encoded by the mutant allele the presence of a polymorphic 

6 variation, not present in an RNA encoded by a normal allele of the gene, 

7 3) determining the presence of a ribozyme cleavage site within or adjacent to the 

8 polymorphic variation, and 

9 4) designing a ribozyme which hybridizes with an RNA comprising the polymorphic 

10 variation and cleaves it at the ribozyme cleavage site. 

1 1 2. The method of claim 1 1 , wherein the ribozyme cleavage site is an NUX site. 

1 13. The method of claim 1 1 , further comprising the step of (5) designing a replacement 

2 nucleic acid which does not comprise the polymorphic variation and is not cleaved by the 

3 ribozyme. 



1 

2 



14. A method for suppressing the expression of a mutant allele of a gene, the method 
comprising the steps of 



WO 03/048362 



PCT/GB02/05417 



-85- 

3 providing a suppression effector comprising a nucleic acid having a sequence 

4 complementary to a region of a mutant mRNA comprising a polymorphic variation, in an amount 

5 sufficient to suppress the expression of the mutant mRNA; and 

6 providing a replacement nucleic acid comprising a nucleotide sequence encoding a non- 

7 disease-causing allele of the gene which does not comprise the polymorphic variation, and is not 

8 suppressed, or is only partially suppressed, by the suppression effector. 

1 15. The method of claim 1 4, wherein the suppression effector is a nucleic acid, peptide 

2 nucleic acid (PNA). 

l 16. The method of claim 14, wherein the suppression effector is a peptide or antibody. 

1 17. The method of claim 1 5, wherein the suppression effector is operatively linked to an 

2 expression vector. 

1 18. The method of claim 1 5, wherein the nucleic acid is an antisense nucleic acid. 

l 19. The method of claim 1 5, wherein the suppression effector cleaves or degrades mRNA. 

1 20. The method of claim 1 9, wherein the suppression effector is a ribozyme. 

1 21. The method of claim 1 5, wherein the suppression effector is a nucleic acid that forms a 

2 triple helix with the allele comprising the polymorphic variation. 

1 22. The method of claim 14, wherein the replacement nucleic acid is a wild-type or non- 

2 disease causing allele of the gene which does not comprise the polymorphism. 

1 23 . The method of claim 1 4, wherein the replacement nucleic acid is operatively linked to an 

2 expression vector. 

1 24. The method of claim 14, wherein the polymorphic variation is located in one or more 

2 sites selected from the group consisting of a coding region, a 5 ' untranslated region, a 3' 

3 untranslated region and an intronic region. 

1 25. The method of claim 14 or 24, wherein the polymorphic variation is in a control region 

2 that controls the transcription of the mutant allele. 
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1 26. The method of claim 14 or 24, wherein the polymorphic variation is in a control region 

2 that controls the translation of the mutant allele. 

1 27. A suppression effector complementary to a region of an mRNA comprising a 

2 polymorphic variation, wherein the suppression effector suppresses the expression of the mRNA 

3 comprising the polymorphic variation but does not inhibit, or only partially inhibits, the 

4 expression of an mRNA that does not comprise the polymorphic variation, the suppression 

5 effector comprising a ribozyme having a nucleic acid sequence that hybridizes to either side of 

6 the polymoiphic variation. 
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p... 


NAME 


STANDARD 


CALCULAT... 


CRO... 



1 mpc-2 COL1A1 

2 mpc-3 COL1A1 

3 mpc-4 COL1A1 

4 mpc-5 COL1A1 

5 mpc-3 COL1A1 

6 mpc-3 COL1A1 

7 mpc-3 COL1A1 

8 pol-3 COL1A1 

9 pol-3 COL1A1 

10 pol-3 COL1A1 

11 mpc-3 COL1A2 

12 mpc-3 COL1A2 

13 mpc-3 COL1A2 

14 pol-3 COL1A2 

15 pol-3 COL1A2 

16 pol-3 COL1A2 

17 mpc-3 RPS13 

18 mpc-3 RPS13 

19 mpc-3RPS13 

20 pol-3RPS13 

21 pol-3 RPS13 

22 pol-3 RPS13 

23 mpc-3 GAPDH 

24 mpc-3 GAPDH 

25 mpc-3 GAPDH 

26 pol-3 GAPDH 

27 pol-3 GAPDH 

28 pol-3 GAPDH 

29 H20COL1A1 

30 H20COL1A2 

31 H20 RPS13 

32 H20 GAPDH 



1.000E-02 1.014E-02 13.54 

1.000E-03 1.018E-03 17.25 

1.000E-04 9.262E-05 21.11 

1.000E-05 1.046E-05 24.62 

9.866E-04 17.30 

9.277E-04 17.40 

8.435E-04 17.55 

7.876E-04 17.66 

4.525E-04 18.55 

5.037E-04 18.38 

1.742E-03 16.38 

1.755E-03 16.37 

2.073E-03 16.10 

1.629E-03 16.49 

1.901 E-03 16.24 

1.958E-03 16.19 



5.393E-04 
4.202E-04 
3.769E-04 
4.042E-04 
3.853E-04 
3.966E-04 
9.977E-07 
1.129E-06 



18.27 
18.67 
18.85 
18.74 
18.81 
18.77 
28.41 
28.21 



FIG.4B 



WO 03/048362 



PCT/GB02/05417 



7/23 




WO 03/048362 



8/23 



PCT/GB02/05417 




WO 03/048362 



PCT/GB02/05417 



9/23 

/ 



WO 03/048362 



PCT/GB02/05417 



10/23 



WO 03/048362 



PCT/GB02/05417 



11/23 




WO 03/048362 



PCT/GB02/05417 



12/23 



WO 03/048362 



PCT/GB02/05417 




WO 03/048362 



PCT/GB02/05417 




WO 03/048362 



PCT/GB02/05417 




15/23 




WO 03/048362 



PCT/GB02/05417 



16/23 



WO 03/048362 



PCT/GB02/05417 



17/23 



WO 03/048362 



PCT/GB02/05417 



18/23 




WO 03/048362 



PCT/GB02/05417 




WO 03/048362 



20/23 



PCT/GB02/05417 




O 

LL 



WO 03/048362 



PCT/GB02/05417 



21/23 




WO 03/048362 



PCT/GB02/05417 




WO 03/048362 



PCT/GB02/05417 




CONFIRMATION COPY 



WO 03/048362 



1/13 



PCT/GB02/05417 



SEQUENCE LISTING 

<110> Provost, Fellows and Scholars of the College of the Holy and 
Undivided Trinity of Queen Elizabeth Near Dublin 

Farrar, Gwenyth Jane 

Humphries, Peter 

Kenna , Paul 

Millington-Ward, Sophia 

<120> Suppression of Polymorphic Alleles 

<130>. MUR-001CPPC 

<140> 
<141> 

<150> US 10/000,773 

<151> 2001-11-30 

<150> US 09/142,125 
<151> 1999-04-12 

<150> PCT/GB97/00574 
<151> 1997-03-03 

<150> GB 9604449.0 
<151> 1996-03-01 

<160> 34 

<170> Patentln version 3.0 

<210> 1 

<211> 473 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<223> human rhodopsin cDNA 

<400> 1 

ggcttatcga aattaatacg actcactata gggagaccca agcttagagt catccagctg 60 

gagccctgag tggctgagct caggccttcg cagcattctt gggtgggagc agccacgggt 12 0 

cagccacaag ggccacagcc atgaatggca cagaaggccc taacttctac gtgcccttct 180 

ccaatgcgac gggtgtggta cgcagcccct tcgagtaccc acagtactac ctggctgagc 24 0 

catggcagtt ctccatgctg gccgcctaca tgtttctgct gatcgtgctg ggcttcccca 300 

tcaacttcct cacgctctac gtcaccgtcc agcacaagaa gctgcgcacg cctctcaact 360 

acatcctgct caacctagcc gtggctgacc tcttcatggt cctaggtggc ttcaccagca 42 0 

ccctctacac ctctctgcat ggatacttcg tcttcgggcc cacaggatgc aat 473 

<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> 5' human rhodopsin primer over Hind III site 



<400> 2 

acccaagctt agagtcatcc 



20 



<210> 3 

<211> 20 

<212> DNA 

<213> Artificial Seguence 
<220> 

<223> 3' human rhodopsin primer over BstEII site 

<400> 3 

accatgcggg tgacctcctt 2 0 



<210> 4 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 5' human rhodopsin primer over mutation site 



<210> 5 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 3' human rhodopsin primer over mutation site 

<400> 5 

atggggaaga ccagcacgat 20 

<210> 6 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 5' human collagen 1A2 primer 



<210> 7 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 3' human collagen 1A2 primer 



<400> 4 

atcgtgctgg tcttccccat 



20 



<400> 6 
-cagagatggt gaagatggt 



19. 
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c400> 7 

agtcctctgg caccagtagc 



20 



<210> 8 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 5* human collagen 1A2 mutagenesis primer 

<400> 8 

taacgctggt cctactggac ccg 23 

<210> 9 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 3' human collagen 1A2 mutagenesis primer 



<210> 10 

<211> 20 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 5' human collagen 1A1 primer 

<400> 10 

agtcacaccg gagcctgggg 20 

<210> 11 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 3' human collagen 1A1 primer 



<210> 12 

<-Zll> 335 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<223> human rhodopsin cDNA with C to G change at position 4 77 



<400> 9 

cgggtccagt aggaccagcg tta 



23 



<400> 11 

ggtaaggttg aatgcacttt tg 



22 



<400> 12 

acgggtcagc cacaagggcc acagccatga atggcacaga aggccctaac ttctacgtgc 60 
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ccttctccaa 


tgcgacgggt gtggtacgca gccccttcga gtacccacag 


tactacctgg 


120 


ctgagccatg 


gcagttctcc atgctggccg cctacatgtt 


tctgctgatc 


gtgctgggct 


180 


tccccatcaa 


cttcctcacg ctctacgtga ccgtccagca 


caagaagctg 


cgcacgcctc 


240 


tcaactacat 


cctgctcaac ctagccgtgg ctgacctctt 


catggtccta ggtggcttca 


300 


ccagcaccct 


ctacacctct ctgcatggat acttc 






335 



<210> 13 

<211> 358 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_f eature 

<223> human rhodopsin with C to T change at codon 23 



<400> 13 
cagccacaag 


ggccacagcc atgaatggca 


cagaaggccc 


taacttctac 


gtgcccttct 


60 


ccaatgcgac 


gggtgtggta cgcagcctct 


tcgagtaccc 


acagtactac 


ctggctgagc 


120 


catggcagtt 


ctccatgctg gccgcctaca 


tgtttctgct 


gatcgtgctg ggcttcccca 


180 


tcaacttcct 


cacgctctac gtcaccgtcc 


agcacaagaa 


gctgcgcacg 


cctctcaact 


240 


acatcctgct 


caacctagcc gtggctgacc 


tcttcatggt 


cctaggtggc 


ttcaccagca 


300 


ccctctacac 


ctctctgcat ggatacttcg 


tcttcgggcc 


cacaggatgc 


aatttgga 


358 



c210> 14 

<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> RzlO hammerhead ribo2yme 

<400> 14 

ggacggtctg atgagtccgt gaggacgaaa cgtagag 37 

<210> 15 

<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Rz20 hammerhead ribozyme 

<400> 15 

tactcgaact gatgagtccg tgaggacgaa aggctgc 37 

<210> 16 

<211> 3347 

<212> DNA 

<213> Homo sapiens 
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<220> 

<221> Unsure 

<222> (1871) . . (1871) 

<223> unknown 



<220> 

<221> Unsure 

<222> (1880) . . (1880) 

<223> Unknown 



<220> 

<221> Unsure 

<222> (2479) . . (2479) 

<22 3> Unknown 



<220> 

<221> Unsure 

<222> (2899) . . (2899) 

<223> Unknown 



<400> 16 



ggccctcctg 


gtcccaaggg 


taacagcggt gaacctggtg 


ctcctggcag 


caaaggagac 


60 


actggtgcta 


agggagagcc 


tggccctgtt ggtgttcaag 


gaccccctgg 


ccctgctgga 


120 


gaggaaggaa 


agcgaggagc 


tcgaggtgaa cccggaccca 


ctggcctgcc 


cggaccccct 


180 


ggcgagcgtg 


gtggacctgg 


tagccgtggt ttccctggcg 


cagatggtgt 


tgctggtccc 


240 


aagggtcccg 


ctggtgaacg 


tggttctcct ggccccgccg 


gccccaaagg 


atctcctggt 


300 


gaagctggtc 


gtcccggtga 


agctggtctg cctggtgcca 


agggtctgac 


tggaagccct 


360 


ggcagccctg 


gtcctgatgg 


caaaactggc ccccctggtc 


ccgccggtca agatggtcgc 


420 


cccggacccc 


caggcccacc 


tggtgcccgt ggtcaggctg 


gtgtgatggg 


attccctgga 


480 


cctaaaggtg 


ctgctggaga 


gcccggcaag gctggagagc 


gaggtgttcc 


cggaccccct 


540 


ggcgctgtcg 


gtcctgctgg 


caaagatgga gaggctggag 


ctcagggacc 


ccctggccct 


600 


gctggtcccg 


ctggcgagag 


aggtgaacaa ggccctgctg 


gctcccccgg 


attccagggt 


660 


ctccctggtc 


ctgctggtcc 


tccaggtgaa gcaggcaaac 


ctggtgaaca gggtgttcct 


720 


ggagaccttg 


gcgcccctgg 


cccctctgga gcaagaggcg 


agagaggttt 


ccctggcgag 


780 


cgtggtgtgc 


aaggtccccc 


tggtcctgct ggaccccgag 


gggccaacgg 


tgctcccggc 


840 


aacgatggtg 


ctaagggtga 


tgctggtgcc cctggagctc 


ccggtagcca gggcgcccct 


900 


ggccttcagg 


gaatgcctgg 


tgaacgtggt gcagctggtc 


ctccagggcc 


taagggtgac 


960 


agaggtgatg 


ctggtcccaa 


aggtgctgat ggctctcctg 


gcaaagatgg 


cgtccgtggt 


1020 


ctgaccggcc 


ccattggtcc 


tcctggccct gctggtgccc 


ctggtgacaa 


gggtgaaagt 


1080 


ggtcccagcg 


gccctgctgg 


tcccactgga gctcgtggtg 


cccccggaga 


ccgtggtgag 


1140 
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cctggtcccc 


ccggccctgc 


tggctttgct 


ggcccccctg gtgctgacgg 


ccaacctggt 


1200 


gctaaaggcg aacctggtga tgctggtgcc aaaggcgatg ctggtccccc tgggcctgcc 


1260 


ggacccgctg gaccccctgg ccccattggt 


caoxgcuggcg ccccugga.gc 


caaaggugcu 


1320 


cgcggcagcg 


ctggtccccc 


tggtgctact 


ggtttccctg gtgctgctgg 


ccgagtcggt 


1380 


cctcctggcc 


cctctggaaa 


tgctggaccc 


cctggccctc ctggtcctgc 


tggcaaagaa 


1440 


ggcggcaaag 


gtccccgtgg 


tgagactggc 


cctgctggac gtcctggtga 


agttggtccc 


1500 


cctggtcccc 


ctggccctgc 


tggcgagaaa 


ggatcccctg gtgctgatgg 


tcctgctggt 


1560 


gctcctggta 


ctcccgggcc 


tcaaggtatt 


gctggacagc gtggtgtggt 


cggcctgcct 


1620 


ggtcagagag gagagagagg 


cttccctggt 


cttcctggcc cctctggtga 


acctggcaaa 


• 1680 


caaggtccct ctggagcaag tggtgaacgt ggtccccccg gtcccatggg cccccctgga 


1740 


ttggctggac 


cccctggtga 


atctggacgt 


gagggggctc ctgctgccga 


aggttcccct 


1800 


ggacgagacg 


gttctcctgg 


cgccaagggt 


gaccgtggtg agaccggccc 


cgctggaccc 


1860 


cctggtgctc 


ntggtgctcn 


tggtgcccct 


ggccccgttg gccctgctgg 


caagagtggt 


1920 


gatcgtggtg 


agactggtcc 


tgctggtccc 


gccggtcccg tcggccccgc 


tggcgcccgt 


1980 


ggccccgccg 


gaccccaagg 


cccccgtggt 


gacaagggtg agacaggcga 


acagggcgac 


2040 


agaggcataa 


agggtcaccg 


tggcttctct 


ggcctccagg gtccccctgg 


ccctcctggc 


2100 


tctcctggtg aacaaggtcc 


ctctggagcc 


tctggtcctg ctggtccccg 


aggtccccct 


2160 


ggctctgctg 


gtgctcctgg 


caaagatgga 


ctcaacggtc tccctggccc 


cattgggccc 


2220 


cctggtcctc 


gcggtcgcac 


tggtgatgct 


ggtcctgttg gtccccccgg 


ccctcctgga 


2280 


cctcctggtc 


cccctggtcc 


tcccagcgct 


ggtttcgact tcagcttcct 


cccccagcca 


2340 


cctcaagaga 


aggctcacga 


tggtggccgc 


tactaccggg ctgatgatgc 


caatgtggtt 


2400 


cgtgaccgtg 


acctcgaggt ggacaccacc 


ctcaagagcc . tgagccagca 


gatcgagaac 


2460 


atccggagcc 


cagagggcnc 


ccgcaagaac 


cccgcccgca cctgccgtga cctcaagatg 


2520 


tgccactctg 


actggaagag 


tggagagtac 


tggattgacc ccaaccaagg 


ctgcaacctg 


2580 


gatgccatca 


aagtcttctg 


caacatggag 


actggtgaga cctgcgtgta 


ccccactcag 


2640 


cccagtgtgg 


cccagaagaa 


ctggtacatc 


agcaagaacc ccaaggacaa 


gaggcatgtc 


2700 


tggttcggcg agagcatgac cgatggattc 


cagttcgagt atggcggcca gggctccgac 


2760 


cctgccgatg 


tggccatcca gctgaccttc 


ctgcgcctga tgtccaccga 


ggcctcccag 


2820 


aacatcacct 


accactgcaa gaacagcgtg gcctacatgg accagcagac 


tggcaacctc 


2880 


aagaaggccc 


tgctcctcna gggctccaac 


gagatcgaga tccgcgccga gggcaacagc 


2940 


cgcttcacct 


acagcgtcac tgtcgatggc 


tgcacgagtc acaccggagc 


ctggggcaag 


3000 


acagtgattg 


aatacaaaac 


caccaagtcc 


tcccgcctgc ccatcatcga 


tgtggccccc 


3060 
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ttggacgttg gtgccccaga ccaggaattc ggcttcgacg ttggccctgt ctgcttcctg 3120 

taaactccct ccatcccaac ttggctccct cccacccaac caactttccc cccaacccgg 3180 

aacagacaag caacccaaac tgaaccccct caaaagccaa aaaatgggag acaatttcac 324 0 

atggactttg gaaaatattt ttttcctttg cattcatctc tcaaacttag tttttatctt 3300 

tgaccaaccg aacatgacca aaaaccaaaa gtgcattcaa ccttacc 3347 



<210> 17 

<211> 370 

<212> DNA 

<213> Homo sapiens 

<220> 

<22l> misc_f eature 

<223> human collagen 1A1 cDNA Allele A 



<400> 17 
gtcacaccgg 

tgcccatcat 

acgttggccc 

aaccaacttt 

caaaaaatgg 

ctctcaaact 

caaccttacc 



agcctggggc aagacagtga ttgaatacaa aaccaccaag tcctcccgcc 
cgatgtggcc cccttggacg ttggtgcccc agaccaggaa ttcggcttcg 
tgtctgcttc ctgtaaactc cctccatccc aacttggctc cctcccaccc 
ccccccaacc cggaacagac aagcaaccca aactgaaccc cctcaaaagc 
gagacaattt cacatggact ttggaaaata tttttttcct ttgcattcat 
tagtttttat ctttgaccaa ccgaacatga ccaaaaacca aaagtgcatt 



60 
120 
.180 
240 
300 
360 
370 



<210> 18 

<211> 370 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_f eature 

<223> human collagen 1A1 cDNA Allele B 



<400> 18 
gtcacaccgg 

tgcccatcat 

acgttggccc 

aaccaacttt 

caaaaaatgg 

ctctcaaact 

caaccttacc 



agcctggggc aagacagtga ttgaatacaa aaccaccaag tcctcccgcc 
cgatgtggcc cccttggacg ttggtgcccc agaccaggaa ttcggcttcg 
tgtctgcttc ctgtaaactc cctccatccc aacttggctc cctcccaccc 
ccccccaacc cggaacagac aagcaaccca aactgaaccc ccccaaaagc 
gagacaattt cacatggact ttggaaaata tttttttcct ttgcattcat 
tagtttttat ctttgaccaa ccgaacatga ccaaaaacca aaagtgcatt 



60 
120 
180 
240 
300 
360 
370 



<210> 19 
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<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> RzPolCollAl hammerhead ribozyme 



<400> 19 

tggcttttct gatgagtccg tgaggacgaa 


agggggt 






37 


<210> 20 

<211> 2372 

<212> DNA 

<213> Homo sapiens 










<220> 

<221 > misc_f eature 

<223> human type I collagen 1A2 


CDNA 








<:400> 20 

ggcgggccag gtgatacctc cgccggtgac 


ccaggggctc 


tgcgacacaa ggagtctgca 


60 


tgtctaagtg ctagacatgc tcagctttgt 


ggatacgcgg 


actttgttgc 


tgcttgcagt 


120 


aaccttatgc ctagcaacat gccaatcttt 


acaagaggaa 


actgtaagaa 


agggcccagc 


180 


cggagataga ggaccacgtg gagaaagggg 


tccaccaggc 


cccccaggca 


gagatggtga 


240 


agatggtccc acaggccctc ctggtccacc 


tggtcctcct 


ggcccccctg gtctcggtgg 


300 


gaactttgct gctcagtatg atggaaaagg 


agttggactt 


ggccctggac 


caatgggctt 


360 


aatgggacct agaggcccac ctggtgcagc 


tggagcccca 


ggccctcaag gtttccaagg 


420 


acctgctggt gagcctggtg aacctggtca 


aactggtcct 


gcaggtgctc 


gtggtccagc 


480 


tggccctcct ggcaaggctg gtgaagatgg 


tcaccctgga 


aaacccggac 


gacctggtga 


540 


gagaggagtt gttggaccac agggtgctcg 


tggtttccct 


ggaactcctg 


gacttcctgg 


600 


cttcaaaggc attaggggac acaatggtct 


ggatggattg 


aagggacagc 


ccggtgctcc 


660 


tggtgtgaag ggtgaacctg gtgcccctgg 


tgaaaatgga 


actccaggtc 


aaacaggagc 


720 


ccgtgggctt cctggtgaga gaggacgtgt 


tggtgcccct 


ggcccagctg 


gtgcccgtgg 


/ ou 


cagtgatgga agtgtgggtc ccgtgggtcc 


tgctggtccc 


attgggtctg 


ctggccctcc 


840 


aggcttccca ggtgcccctg gccccaaggg 


tgaaattgga 


gctgttggta 


acgctggtcc 


900 


tgctggtccc gccggtcccc gtggtgaagt 


gggtcttcca 


ggcctctccg 


gccccgttgg 


960 


acctcctggt aatcctggag caaacggcct 


tactggtgcc 


aagggtgctg 


ctggccttcc 


1020 


cggcgttgct ggggctcccg gcctccctgg 


accccgcggt 


attcctggcc 


ctgttggtgc 


1080 


tgccggtgct actggtgcca gaggacttgt 


tggtgagcct 


ggtccagctg gctccaaagg 


1140 


agagagcggt aacaagggtg agcccggctc 


tgctgggccc 


caaggtcctc 


ctggtcccag 


1200 


tggtgaagaa ggaaagagag gccctaatgg ggaagctgga 


tctgccggcc 


ctccaggacc 


1260 
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tcctgggctg agaggtagtc ctggttctcg tggtcttcct ggagctgatg gcagagctgg 1320 

cgtcatgggc cctcctggta gtcgtggtgc aagtggccct gctggagtcc gaggacctaa 138 0 

tggagatgct ggtcgccctg gggagcctgg tctcatggga cccagaggtc ttcctggttc 144 0 

ccctggaaat atcggccccg ctggaaaaga aggtcctgtc ggcctccctg gcatcgacgg 1500 

caggcctggc ccaattggcc cagctggagc aagaggagag cctggcaaca ttggattccc 1560 

tggacccaaa ggccccactg gtgatcctgg caaaaacggt gataaaggtc atgctggtct 1620 

tgctggtgct cggggtgctc caggtcctga tggaaacaat ggtgctcagg gacctcctgg 1680 

accacagggt gttcaaggtg gaaaaggtga acagggtccc gatggtcctc caggcttcca 174 0 

gggtctgcct ggcccctcag gtcccgctgg tgaagttggc aaaccaggag aaaggggtct 1800 

ccatggtgag tttggtctcc ctggtcctgc tggtccaaga ggggaacgcg gtcccccagg 1860 

tgagagtggt gctgccggtc ctactggtcc tattggaagc cgaggtcctt ctggaccccc 1920 

agggcctgat ggaaacaagg gtgaacctgg tgtggttggt gctgtgggca ctgctggtcc 1980 

atctggtcct agtggactcc caggagagag gggtgctgct ggcatacctg gaggcaaggg 2040 

agaaaagggt gaacctggtc tcagaggtga aattggtaac cctggcagag atggtgctcg 2100 

tggtgctcat ggtgctgtag gtgcccctgg tcctgctgga gccacaggtg accggggcga 2160 

agctggggct gctggtcctg ctggtcctgc tggtcctcgg ggaagccctg gtgaacgtgg 2220 

cgaggtcggt cctgctggcc ccaacggatt tgctggtccg gctggtgctg ctggtcaacc 2280 

gggtgctaaa ggagaaagag gaggcaaagg gcctaagggt gaaaacggtg ttgttggtcc 2340 

cacaggcccc gttggagctg ctggcccagc tg 2372 

<210> 21 

<211> 879 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc_feature 

<223> human collagen 1A2 (A) cDNA with G at position 902 and T 
at position 907 

<400> 21 

cagagatggt gaagatggtc ccacaggccc tcctggtcca cctggtcctc ctggcccccc 60 

tggtctcggt gggaactttg ctgctcagta tgatggaaaa ggagttggac ttggccctgg 120 

accaatgggc ttaatgggac ctagaggccc acctggtgca gctggagccc caggccctca 180 

aggtttccaa ggacctgctg gtgagcctgg tgaacctggt caaactggtc ctgcaggtgc 240 

tcgtggtcca gctggccctc ctggcaaggc tggtgaagat ggtcaccctg gaaaacccgg 3 00 

acgacctggt gagagaggag ttgttggacc acagggtgct cgtggtttcc ctggaactcc 360 

tggacttcct ggcttcaaag gcattagggg acacaatggt ctggatggat tgaagggaca 420 
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gcccggtgct cctggtgtga agggtgaacc tggtgcccct ggtgaaaatg gaactccagg 480 

tcaaacagga gcccgtgggc ttcctggtga gagaggacgt gttggtgccc ctggcccagc 540 

tggtgcccgt ggcagtgatg gaagtgtggg tcccgtgggt cctgctggtc ccattgggtc 600 

tgctggccct ccaggcttcc caggtgcccc tggccccaag ggtgaaattg gagctgttgg 660 

taacgctggt cctgctggtc ccgccggtcc ccgtggtgaa gtgggtcttc caggcctctc 720 

cggccccgtt ggacctcctg gtaatcctgg agcaaacggc cttactggtg ccaagggtgc 780 

tgctggcctt cccggcgttg ctggggctcc cggcctccct ggaccccgcg gtattcctgg 84 0 

ccctgttggt gctgccggtg ctactggtgc cagaggact 879 

<210> 22 

<211> 879 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> misc__f eature 

<223> human collagen 1A2 (B) cDNA with A at positions 902 and 
907 



<400> 22 
cagagatggt 


gaagatggtc 


ccacaggccc 


tcctggtcca 


cctggtcctc 


ctggcccccc 


60 


tggtctcggt 


gggaactttg 


ctgctcagta 


tgatggaaaa 


ggagttggac 


ttggccctgg 


120 


accaatgggc 


ttaatgggac 


ctagaggccc 


acctggtgca 


gctggagccc 


caggccctca 


180 


aggtttccaa 


ggacctgctg gtgagcctgg 


tgaacctggt 


caaactggtc 


ctgcaggtgc 


240 


tcgtggtcca 


gctggccctc 


ctggcaaggc 


tggtgaagat 


ggtcaccctg 


gaaaacccgg 


300 


acgacctggt 


gagagaggag 


ttgttggacc 


acagggtgct 


cgtggtttcc 


ctggaactcc 


360 


tggacttcct 


ggcttcaaag gcattagggg 


acacaatggt 


ctggatggat 


tgaagggaca 


420 


gcccggtgct 


cctggtgtga 


agggtgaacc 


tggtgcccct 


ggtgaaaatg 


gaactccagg 


480 


tcaaacagga 


gcccgtgggc 


ttcctggtga 


gagaggacgt 


gttggtgccc 


ctggcccagc 


54 0 


tggtgcccgt 


ggcagtgatg 


gaagtgtggg 


tcccgtgggt 


cctgctggtc 


ccattgggtc 


600 


tgctggccct 


ccaggcttcc 


caggtgcccc 


tggccccaag 


ggtgaaattg 


gagctgttgg 


660 


taacgctggt 


cctactggac 


ccgccggtcc 


ccgtggtgaa 


gtgggtcttc 


caggcctctc 


720 


cggccccgtt 


ggacctcctg 


gtaatcctgg 


agcaaacggc 


cttactggtg ccaagggtgc 


780 


tgctggcctt 


cccggcgttg 


ctggggctcc 


cggcctccct 


ggaccccgcg 


gtattcctgg 


840 


ccctgttggt 


gctgccggtg ctactggtgc 


cagaggact 






879 



<210> 23 
<211> 36 
<212> DNA 
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<213> 



Artificial Sequence 



<220> 
<223> 



Rz902 hammerhead ribozyme 



<400> 23 

ggtccagctg atgagtccgt gaggacgaaa ggacca 



36 



<210> 24 

<211> 35 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Rz907 hammerhead ribozyme 

<400> 24 

cggcggctga tgagtccgtg aggacgaaac cagca 35 



<210> 25 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Collagen 1A1 forward primer 



<210> 26 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Collagen 1A1 reverse primer 

<400> 26 

ggttcagttt gggttgcttg 20 



<210> 27 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Collagen 1A2 forward primer 

<400> 27 

caaggatgca ctatggatgc 20 

<210> 28 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Collagen 1A2 reverse primer 



<400> 25 

caggaattcg gcttcga 



17 
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<400> 28 

ggagctccta taccagttct 

<210> 29 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> GAPDH forward primer 

<400> 29 

cagcctcaag atcatcagca 

<210> 30 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> GAPDH reverse primer 

<400> 30 

catgagtcct tccacgatac 



<210> 31 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> NeoF RT PCR primer 

<400> 31 

gatgcctgct tgccgaatat 20 



<210> 32 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> NeoR RT PCR primer 

<400> 32 

gctcttcagc aatatcacgg 

c210> 3 3 

c2ll> 2 0 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> pLRNLF RT PCR primer 

<400> 33 

aagacaggat atcagtggtc 
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<210> 34 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> pLRNLR RT PCR primer 

<400> 34 

ctatggctcg tactctatag 20 
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